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2 

pressure  inside  the  model  yarn  at  radius  r,  Kg/cm 
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radius  of  curvature  of  the  fiber  at  radius  r,  __r_ 

sin2^ 
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(Dacron  and  Cotton),  dimensionless  ratio 
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ABSTRACT 


The  tensile  behavior  of  cotton-Dacron  blends  has  been  studied  in  a 
twisted  model  yarn  structure  composed  of  Dacron  filament  yarns  (70  denier, 
34  filament)  and  combed  cotton  staple  yarns  (79  cotton  count  (c.c.))  in 
blend  ratios  of  1.1,  2,2,  11,  22,  33,  44,  56,  67,  and  89  percent  cotton 
content . 

The  contribution  of  the  cotton  component  to  the  blended  structure 
at  zll  strain  levels  is  the  main  subject  of  this  study. 

This  report  covers  the  experimental  studies  on  the  load  extension 
characteristics  of  72  model  yarns  at  elongations  of  5  percent  through 
break  and  the  effect  of  twist  (0.55  twist  multiple  (TM)  through  4.4  TM) , 
blend  ratio  and  position  of  the  cotton  component  in  the  yarn  (cotton 
core  or  cotton  shell)  on  the  strength  of  the  blended  yarn  are  discussed. 

These  studies  extend  Machida's  theoretical  approach  to  the  problem 
of  blended  yarn  strength  to  include  cotton-Dacron  blended  yarns  in  blend 
ratios  of  practical  significance. 
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THK  MECHANICS  OF  RUPTURE  OF  COTTON  -  DACRON  HLENDF.D  YARN:'. 


Introduction 

The  rate  at  which  new  fibers  have  been  added  to  the  textile  market  in 
the  past  thirty  years  has  increased  enormously  the  fiber  combinations 
available  to  industry.  Thus,  the  textile  engineer  can  develop  yarns  for 
specific  end  use  applications.  In  areas  where  high  strengtn  is  to  be 
achieved  at  minimum  weight,  the  tensile  behavior  of  a  blended  yam  is 
one  of  the  most  fundamental  and  important  properties  to  consider.  While 
some  excellent  work  has  been  done  in  this  area,  the  fiber- to -fiber  load 
transfer  in  a  yarn  and  the  mechanism  of  yarn  rupture  are  still  not  clearlv 
understood.  This  report  is  concerned  with  tne  censure  pi’opefcies  of 
cotton-polyester  blends.  The  tensile  properties  of  the  blended  yarns 
are  studied,  using  physical  models  of  blended  yarns  and  the  mathematical 
models  developed  by  Kazuo  Machida,  with  the  view  toward  establishing  a 
better  understanding  of  yarn  behavior  under  tensile  stress  up  to  and 
including  yarn  rupture. 

The  cotton-polyester  blend  was  selected  for  two  reasons.  The  first 
reason  is  a  practical  one.  This  fiber  combine1  ion  has  wide  acceptance  in 
the  consumer  market;  therefore,  the  results  obtained  would  have  immediate 
practical  significance.  The  second  reason  is  a  theoretical  one.  Tht 
blend  of  a  strong  extensible  fiber,  such  as  a  polyester,  with  a  weaker 
less  extensible  fiber,  such  as  cotton,  provides  a  mechanism  for  studying 
the  combined  effects  of  pressure  and  friction  in  the  yam  cross-section 
when  the  blended  yarn  is  twisted  and  elongated.  In  this  situation,  as 
the  polyester  fibers  are  extending  and  the  cotton  fiber  is  breaking,  the 
polyester  fibers  are  developing  an  axial  tension  which  grips  the  cotton 
fibers  like  a  vise,  thereby  extending  the  cotton  fibers  beyond  their 
rupture  elongation.  Thus,  the  cotton  yarn  in  the  blend  acts  as  tracer 
material  for  measuring  the  combined  effects  of  pressure  and  friction  in 
a  yarn  which  is  being  elongated. 

This  report  discusses  the  tensile  behavior  of  cotton— polyester 
fibers  as  determined  experimentally  for  the  following  blend  ratios:  0, 

1.1,  2,2,  11.0,  22.0,  33-0,  44-0,  t>6,  A, 7,  89,  an-t  1'K.i  percent  cotter, 
content . 

Literature  Review 

The  literature  reviewed  is  shown  in  the  list  of  references.  The 
literature  cited  covers  the  abrasion  and  tensile  behavior  of  yarns, 
blending  irregularities  and  biend  ratio  testing  as  well  as  processing 
techniques  for  blended  yarns. 


1’apers  of  review  interest  to  this  study  are  given  in  chronological 
order  as  follows:  Sullivan,  1942^36)*  •  Platt,  1950^32).  Hamburger,  1950^^ 
Gregory,  19  -3^ 3-0) .  Kemp  and  Ower  1.957^2^;  Shorter,  1 957(34).  Hearle, 
1957(14) ;  hosni,  19^o(^8);  Azuma.  1960^3-) j  Hearle  et  all,  1961^^); 

Treloar  and  Riding,  1963^37);  ana  Machida,  1963^6). 

In  the  outstanding  works  listed  above,  analytical  techniques  of 
applied  mechanics  were  used  to  describe  the  stress-strain  behavior  of 
two  fiber  component  yarn  blends.  In  all  of  these  works,  the  major 
portions  were  carried  out  with  a  full  appreciation  of,  but  with  a 
purposeful  disregard  for,  quantitative  determination  of  some  of  the 
forces  acting  on  and  within  component  parts  of  the  yarn  structure. 

Thi^  dioxcg^ra  of  forces  results  from  the  simplifying  assumptions 
made  by  the  investigators  to  make  their  equations  tractable.  For 
example,  Sullivan  has  studied  the  theoretical  strength  of  staple  yarn 
with  the  assumption  that  the  fiber  tension  is  uniform  in  a  yarn  cross 
section, 

Platt  has  studied  the  theoretical  strength  of  continuous  filament 
yam.  The  extension  of  his  theory  to  spun  yarns  assumes  the  assimilation 
of  the  combined  effec  t  of  fiber  stretch  and  slippage  to  that  of  pure 
stretch  of  the  filaments  of  a  continuous  filament  yam.  This  condition 
implies  that  the  ratio  of  stretch  to  slippage  should  be  constant,  both 
within  the  body  of  a  single  yam  and  among  yams  of  different  twists. 

This  condition  can  be  fulfilled  only  in  highly  twisted  yams.  However, 
Platt's  equations  can  be  used  over  a  wide  range  of  different  yams  if 
the  constants  are  derived  from  different  sets  of  experimental  results. 

Gregory  studied  the  relation  between  the  strength  of  yam  elements 
relative  to  the  strength  of  the  constituent  fibers.  He  found  that  no 
simple  function  exists  for  linking  critical  pressure  within  the  yarn 
with  twist  for  maximum  strength.  Gregory  derived  an  empirical  relation 
between  critical  pressure  and  the  reduction  in  strength  of  the  yam  at 
high  twist  and  attributed  the  loss  in  strength  to  the  obliquity  of  the 
twisted  fibers.  On  this  basis,  he  developed  a  formula  relating  the 
maximum  strength  of  the  yam  element  to  fiber  characteristics. 

Shorter  has  attempted  to  present  a  unified  picture  of  the  process 
of  stretching  a  yarn  to  its  breaking  point.  He  listed  two  factors  as 
operative  in  determining  breaking  tension  which  previous  theories  have 
dealt  with  separately.  The  two  factors  relate  to  the  effect  of  twist 
on  (a)  the  relative  incidence  of  fiber  slippage  and  breakage  and  (b) 
the  degree  of  non simultaneity  of  the  breaks.  Shorter  compares  the  rel¬ 
evance  of  Sullivan's  and  Platt's  theories,  and  the  predictions  of  the 
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various  theories  are  compared  with  experimental  data.  He  found  r<  'Ugh 
agreement  between  predicted  and  experimental  results  with  Tullivar. 1  s 
theorytdt /  with  twists  below  the  optimum  twi3t.  and  agreement,  with  llatt's 
theory  (3--) 

with  twt^ts  above  the  optimum. 

Azuma's  theory^1- ^  assumes  a  uniform  pressure  in  the  yarri  cross 
section.  Noshi  et  have  studied  the  tensile  strength  of  twisted 

blended  continuous  filament  yarns.  However,  in  their  theoretical  analysis , 
they  neglected  the  study  of  yam  pressure .  Like  Azuma,  they  apparently 
assumed  a  constant  pressure;  for  this  reason,  their  theory  would  be  use¬ 
ful  over  a  lieu  ted  range  of  the  stress-strain  curve,  probably  at  the 
higher  levels  of  strain. 

In  19u7,  Hearle^-^  studied  the  theoretical  strength  of  yarns  at 
low  strains.  Here  his  theory  takes  into  account  the  lateral  pressure 
between  filaments,  while  retaining  the  essential  geometric  assumptions 
of  Platt  and  the  assumption  of  no  change  in  the  radial  position  of  t  he 
filament  under  deformation, 

Hearle,  El  Behery  and  Thakur^-1^  attempted  to  obtain  a  closer 
approximation  to  the  real  yarn  system.  Here  they  have  introduced  a 
modification  to  Hearle' s  theory  in  which  the  strain  geometry  of  the 
yam  is  defined  by  an  axial  extension  together  with  a  radial  contraction, 
the  latter  being  described  by  a  yarn  Poisson's  ratio.  The  original 
theory  now  becomes  a  special  case  for  which  Poisson's  ratio  equals  zero. 

The  new  theory,  while  accounting  for  lateral  pressure  between  the  fila¬ 
ments,  is  restricted  to  small  strains.  In  the  same  paper  the  authors 
have  also  considered  a  further  modification  in  a  form  which  is  valid  for 
large  strains.  However,  in  this  latter  case  the  lateral  pressure  between 
filaments  was  not  taken  into  account.  In  this  study  the  analysis  has  not 
included  the  effects  of  both  lateral  pressure  and  Large  strains.  Therefore, 
the  results  can  be  applied,  for  a  given  value  of  constants,  only  over  a 
limited  range  of  strain. 

Treloar  and  Riding^?)  have  studied  the  tensile  proper*  ies  of 
twisted  continuous  filament  yams  in  terms  of  their  geometric  structure 
and  the  properties  of  their  constituent  filaments.  Their  theory  iias 
the  following  features:  (l)  it  is  a  large  scram  theory;  (2")  constancy 
of  volume  is  assumed  for  both  filaments  and  .yarn  during  deformation; 
and  (3)  the  analysis  is  carried  out  on  a  s- rain -energy  system  which 
leads  to  a  more  tractable  mathematical  treatment  than  the  customary 
stress  analysis  methods.  Material  properties  are  introduced  in  the 
form  of  a  complete  stress-strain  curve.  The  stress-strain  curve  of 
the  yam  over  the  whole  range  of  extension  is  calculated.  The  authors 
found  that  the  stress-strain  data  foi  ienas<-<>-:  yarns  sh’*w  good  agreement 
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with  the  theoretical  curves,  except  in  the  region  of  small  extension  and 
high  twists.  No  attempt  was  made  by  the  authors  to  discuss  the  theoretical 
breaking  load  of  the  yarns. 

The  works  of  Hamburger  ^ '  ,  Kemp  and  Owen  ( ^  1 )  ,  and  Machida^*5)  are 
directly  related  to  the  work  in  this  paper  and  will  be  discussed  below;  how- 
evii  ,  before  leaving  the  literature  review,  a  general  summary  of  the  state 
of  this  work  should  be  given.  Tills  summary  has  been  well  expressed  and  is 
reflected  by  a  statement  made  by  Hearle,  El  Beiiery  and  Thakur^-’^  as  follows: 

"The  critical  assessment  of  theories  of  ya  n  tensile  properties  serves 
to  increase  our  understanding  of  the  behavior  of  yarns.  In  the  initial 
regions  of  extension  where  yarn  tension  is  proportional  to  extension,  the 
more  highly  developed  theories  fit  the  exp<  rimental  results  better.  But 
above  the  limit  of  proportionals y,  and  in  the  prediction  of  breakage,  the 
later  theories  are  but  little  improvement  on  the  simplest  Impression  (Y^/Xfb  ■ 
cos^a)  given  by  Gegauff  in  1907.  The  considerable  divergence  between  experi¬ 
ment  and  theory  must  be  attributed  to  more  complicated  forms  in  yarn  structure 
and  to  a  more  complex  mechanisti  of  breakage.  Both  of  these  problems  merit 
further  study." 

As  a  result  of  the  studies  listed  above  and  other  literature  on  the 
strength  of  blended  yarns,  it  is  an  accepted  fact  that  the  strength  of  the 
blended  yarn  is  in  general  lower  than  might  be  expected  from  the  proportional 
strength  of  the  component  fibers. 

In  1949,  llamburgei ( 11"  proposed  a  mechanism  to  explain  this  behavior. 
Hamburger  suggerted  the  superposition  of  the  stress-strain  curves  of  the 
two  component  libers  to  give  a  new  stress-strain  : or  the  blended  filament 
yarns.  His  procedure  is  illustrated  in  Figures  1  and  2. 

Iri  Figure  1,  curve  "A'1  is  the  engineering  stress-strain  curve  of  the 
lower  strength  less  extensible  fiber  (cotton);  and  curve  "B"  is  the  stress- 
strain  curve  of  th“  stronger  more  extensible  fiber.  The  superimposed  curve 
Oi.  the  two  component  yarns  are  shown  as  a  dashed  line.  The  dashed  line  has 
two  peaks  corresponding  to  the  rupture  points  of  the  "A"  and  "B"  fibers. 

This  is  characteristic  of  the  stress- strain  curves  of  blended  yarns.  In 
Figure  2,  the  strength  of  the  blended  yarn  is  shown  as  two  crossed  lines. 

I*  should  be  noted  in  Figure  1  that  the  stronger  and  more  extensible  yarn 
(polyester)  is  stlffer  than  the  cotton;  therefore,  in  Figure  2  no  minimum 
point  ip.  strength  occurs  as  a  function  of  the  blending  ratio,  but  the  cotton- 
polyester  blend  will  always  be  stronger  than  the  all -cotton  yarn.  This 
principle,  proposed  by  Hamburger,  applies  strictly  to  continuous  filament 
yarns,  neglecting  such  integrating  forces  as  friction  and  compression  on  th.~ 
comnonent  fibers.  Nevertheless,  this  technique  provides  a  powerful  tool  to 
predict  the  strength  oi  two  component  Mended  yarns.  Because  of  its  simpli¬ 
city,  it  is  wide  1 y  used  by  industry  for  this  purpose,  even  for  blended  staple 
yarns . 


St  re  ss-St  ra  ir-  Properties 


Kemp  and  Owen^^'  studied  the  tensile  behavior  of  cotton-nylon 
staple  fiber  blends.  They  presented,  experimental  data  which  3how  that 
fcr  blends  of  staple  fibers  the  prediction  of  strength  of  the  blended 
cotton-nylon  yarns  by  the  stress-strain  method  proposed  by  Hamburger 
leads  to  large  discrepancies  in  the  60  percent  and  80  percent  Nylon 
blends  with  cotton  (Figure  3) • 

In  their  paper  Kemp  and  Oven  observed  a  larger  number  of  broken 
cotton  fiber  segments  in  yam  strains  ft  higher  levels  than  those  found 
in  the  unstrained  yarn  or  yarn  subjected  to  lower  strains  (Figure  4). 

They  concluded  that  the  comparatively  low  strength  of  the  blended 
Yarn  is  primarily  due  to  the  difference  in  the  breaking  strains  of  the 
component  fibers.  They  observed  that  the  breakage  of  cotton  fibers  is 
continuous  from  very  low  strains  to  the  breaking  strain  of  the  blended 
yam.  From  this  they  concluded  that  cotton  fibers  continue  to  contribute 
to  yam  strength  at  strains  greater  than  their  rupture  point.  Kemp  and 
Owen  also  attempted  to  calculate  the  theoretical  contribution  of  cotton 
fiber  in  a  blended  yam  assuming  a  constant  critical  length  in  the  broken 
segments.  The  critical  length  is  that  length  of  the  portion  at  each  and 
of  the  fiber  over  which  slippage  occurs  (Appendix  l) ;  for  fibers  of  a 
length  less  than  the  critical  length,  slippage  takes  place  over  the  whole 
fiber  length.  Therefore,  this  critical  length  is  a  function  of  inner 
yam  pressure,  frictional  characteristics  of  the  two  fibers,  and  yarn 
elongation.  The  critical  length  does  not  remain  constant,  but  varies 
with  a  change  in  pressure  and  elongation.  It  is  to  the  analysis  of 
this  particular  mechanism  that  Machida  addressed  his  study  of  blended 
yam  structure, 

Machida  proposed  a  more  rigorous  treatment  to  the  problem  of  yarn 
strength.  His  approach  provides  a  more  theoretical  approach  in  the 
analysis  of  the  mechanisms  by  which  cotton  fibers  contribute  to  yarn 
strength.  Machida  studied  the  strength  contribution  of  the  cotton 
component  to  the  blended  structure  at  strain  levels  exceeding  cotton 
fiber  rupture  elongation  by  using  a  model  yam  technique  to  conduct 
mathematical  and  experimental  studies  on  the  pressure  distribution  and 
on  the  frictional  force  in  the  twisted  structure. 

His  work  has  provided  a  mathematical  analysis  of  the  pressure 
distribution  in  the  twisted  filament  structure  as  well  as  an  equation  for 
the  average  theoretical  broken  length  of  cotton.  Both  equations  are  as 
follows : 
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A  pressure  distribution  as  a  function  of  tension  on  the  yarn 
structure  for  small  twist  angles. 


where 


=  2  i  t 


(1  -  Jit-  ) 

R2 


(1  +  Ey)2 

P  is  the  pressure  in  the  yarn 

tQ  is  the  twist  before  loading 

s  is  the  yarn  load 

Ey  is  the  yam  elongation 

r  is  the  radial  position  of  the  fiber  in  the 
yam  cross  section 


R  is  the  radius  of  the  yam 


ft. 


M' 


All  of  the  parameters  are  easily  determined. 

The  average  broken  length  of  the  cotton  is  given  as  follows: 


2  *  n  DP 

Where  Tb  is  the  breaking  load  of  the  cotton  yam 

y  is  the  coefficient  of  friction  (0.24) 

D  is  a  diameter  of  the  cotton  yam 

P  is  the  pressure  in  the  yarn  cross  section  due 
to  tensile  load 

Machida  shows  the  experimental  results  to  confirm  the  validity  of 
his  theory,  Table  1,  Figure  5.  An  independent  check  was  made;  the 
experimental  results  of  which  are  shown  in  Table  I  and  Figure  5- 


t- 
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Table  1 


Theoretical  and 

Experimental  Broken 

Length 

Machida 

TM 

to 

u 

D 

Tb 

8 

The  or 

Exp 

t/cm 

cm 

g 

Kg 

1  mm 

1  mm 

^.5 

0.171 

0.24 

0.011 

195 

29.6 

94.0 

68.8 

1.0 

0.34 

0.24 

0.011 

205 

29-0 

25-0 

24.2 

20% 

Extension 

< 

2.0 

0.68 

0.24 

0.011 

215 

28.2 

6.8 

1C.0 

3-0 

1.03 

0.24 

0.011 

230 

2',  .2 

3-4 

5-4 

4.0 

1.36 

0.24 

0.011 

245 

25.8 

2.1 

3-9 

Table  II 

Theoretical  and  Experimental  Average  Broken  Length 


TM 

to 

u 

D 

Tb 

S 

Theor 

Exp 

t/cm 

cm 

g 

K;’ 

1  mm 

1  mm 

'0.55 

.18 

0.24 

0.0091 

132 

24.0 

69.0 

44-0 

1.10 

•  36 

0.24 

0.0091 

142 

24.0 

19.8 

17.6 

20% 

Extension  •> 

| 

2.20 

.67 

0.24 

0.0091 

165 

23.2 

6.7 

6.1 

. 

3.30 

1.01 

0.24 

0.0091 

175 

22.5 

3-2 

4.2 

1 

o4-40 

1-34 

0.24 

0.0091 

185 

21.8 

1.8 

2.6 

The  solid  line  represents  the  theoretical  plot  for  average  fiber 
lengths j  the  crosses  represent  the  data  in  Table  I;  the  circles  represent 
the  data  in  Table  II.  It  cam  be  readily  seen  that  the  agreement  between 
theoretical  and  experimental  data  is  good,  confirming  the  validity  of 
Machida's  theory.  Machida  points  out  that'the  results  of  his  theory  are 
strongly  dependent  on  the  coefficient  of  friction;  which  is  difficult  to 
evaluate  under  conditions  experienced  by  the  fibers  undergoing  extension. 
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The  agreement  between  experimental  results  with  Machida's  theory 
provided  the  encouragement  needed  to  embark  on  an  expanded  program  covering 
cotton/Dacron  blends  of  higher  cotton  content. 

This  study  covers  the  experimental  evaluation  of  cotton  and  Dacron 
blends,  including  blend  ratios  of  1.1  percent  cotton  through  100  percent 
cotton. 

Machida 1 s  M< del  Yarn  Method 

The  development  of  a  model  yam  is  the  "irst  step  in  a  more  rigorous 
treatment  to  the  problem  of  yarn  strength.  This  method  also  provides  a 
theoretical  approach  which  is  required  in  the  analysis  of  the  mechanisms 
by  which  cotton  fibers  contribute  to  the  strength  of  a  cotton-Dacron 
blended  yam.  The  model  used  is  a  blended  twisted  structure  composed 
of  two  different  kinds  of  yams,  one  which  has  a  higher  rupture  elongation 
(Dacron)  and  the  other  yam,  cotton  yarn.  It  must  be  recognized  that  the 
model  blended  yam  is  somewhat  different  from  actual  staple  blended  yarns. 
Specifically,  the  pressure  distribution  inside  an  actual  staple  yam 
structure  is  different  from  that  in  the  model  because  the  model  yam  is 
composed  of  continuous  filament  Dacron  and  continuous  spun  cotton  yarns. 
Therefore,  tne  magnitude  of  the  strength  contribtuion  of  the  cotton 
component  can  be  expected  to  differ  in  the  two  systems.  This  difference 
would  be  one  of  degree  only  for  the  interaction  between  the  cotton  fibers 
and  Dacron  fibers  under  load  must  be  the  same. 

■iho  use  of  a  model  yam  simplifies  the  mathematical  analysis  of 
pressure  and  stress  distribution  in  the  yam.  The  experimental  work  is 
also  facilitated  when  compared  with  Kemp  and  Owen's  work  on  staple  yams 
because  of  the  large  size  of  the  cotton  yam  segments  measured  in  the 
model  system. 

Machida  studied  the  case  when  a  single  cotton  yarn  was  blended  with 
Dacron.  This  was  necessary  to  prove  the  validity  of  his  theory,  since 
a  single  coti  on  yam  in  the  center  of  a  large  number  of  Dacron  yarns 
will  not  greatly  affect  the  pressure  distribtuion  in  the  blended  yarn 
structure,  even  though  the  cotton  is  broken  into  several  pieces. 

The  physical  considerations  which  must  be  accounted  for  in  a  model 
yam  are  as  follows: 

When  a  blended  yam  is  twisted  and  elonga'ed,  Dacron  fibers  are 
strained  and  develop  an  axial  tension.  This  tension  has  a  component 
force  directed  toward  the  center  of  the  yam  '.-wing  to  the  twist  angle. 

The  integration  of  ail  such  component  forces  creates  a  lateral  pressure 
in  the  yarn.  Thus  cotton  yam  in  the  blended  model  yarn  is  subjected  to 
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tensile  forces  arising  from  pressure  and  elongation  of  the  surrounding 
Dacron  yams.  Thus,  if  the  broken  lengths  of  cotton  yam,  tested  under 
specified  conditions,  are  measured,  specific  information  will  be  obtained 
on  yarn  pressure  and  frictional  characteristics.  Thus,  the  cotton  yarn 
in  this  case  is  used  as  a  tracer  material  for  measuring  the  combined 
effects  of  pressure  and  friction.  It  is  this  experimental  technique  which 
will  be  used  to  evaluate  the  yams  considered  in  this  study. 

Theoretical  Analysis 

The  theoretical  analysis  developed  by  Machida  is  shown  in  Appendix 
A.  Machida's  analysis  allows  pressure  to  vary.  He  provides  the  expres¬ 
sions  for  maximum  and  average  pressure  in  the  yam  cross  section. 

Pressure  in  relation  to  yam  load,  the  effect  of  yam  elongation  to 
pressure,  stress  distribution  in  cotton  yam  and  theoretical  broken 
length. 

The  equations  for  pressure  in  a  yam  cross  section  are  of  particular 
interest  to  this  study  and  are  extracted  from  Appendix  A  as  follows: 

The  mathematical  anal,  is  of  the  pressure  distribution  in  the  twisted 
filament  structure  is  as  fox low 3 : 


Symbols  are  defined  in  Appendix  A . 


p(r) 

E  e-v  m 

i 

1 

2  I 

1  +  t2  r2 

1  +  4»2t2  R2 

when 

4»  2t2  r2  <  < 

1  (twist  angle 

is  small) 

Pc 

-  2  w  t02  S 

(1  +  Ey)2 

(Pressure  in 

center  of  yam) 

P 

=  1/2  Pc 

Average  Pressure 

Pr 

■  p°  a  -  £  > 

(Pressure  at 

radial  position  r. 

t0  Twist  at  no  strain 
S  Yam  load 

E  Yam  elongation 
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Average 

broken  length 

1 

3  Tb 

2  »u  D  P 

I 

-•  average  broken  length 

Tb 

=  breaking  strength  cotton  yarn 

y 

-  coefficient  of  friction 

D 

~  diameter  of  cotton  yarn 

P 

=  pressure  on  cotton  yarn 

experimental  Studies 

Yam  Structure  -  The  yam  structure  desired  is  one  that  will  conform 
as  closely  as  possible  to  the  mathematical  model  used  in  the  theoretical 
analysis,  Appendix  A. 

The  assumptions  pertinent  to  the  construction  of  the  model  yarns, 
and  the  experimental  means  of  achieving  them  are  as  follows : 

1,  The  whole  yam  structure  is  large  compared  with  the  cotton 

yam. 


2.  A  model  yarn  consisting  of  a  center  yarn  with  five  layers 
of  yarns  encircling  it  was  selected.  For  yarns  of  uniform  diameter, 

91  yams  are  required  to  complete  the  model  yam.  The  91  yarns  are 
geometrically  arranged  as  follows:  1  yarn  center;  6  yarns  1st  ring; 

12  yams  2nd  ring;  18  yams  3rd  ring;  24  yarns  4th  ring;  and  30  yams 
5th  ring. 

Uni  fforat  iCylindrl  cable  4tru  eturc 

Uniform  along  its  length  and  circular  in  its  cross  section.  This 
condition  would  require  she  elimination  of  feed  rolls  from  conventional 
laboratory  twisters. 

All  fibers  form  concentric  helices  (no  migration  of  cotton  yarns 
takes  place.)  This  condition  would  require  the  elimination  of  feed  roils 
from  the  conventional  laboratory  twisters  and  introducing  a  means  of 
applying  a  constant  tension  to  the  yarns  in  each  ring  to  control  migration. 
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twisting  hlqulpnient 

The  abo/e  conditions  required  the  construction  of  a  twisting  device. 

The  essentia!  features  of  fiuj  new  twisting  device  is  a  guide  plate  with 
91  holes  drilled  in  the  required  ge  .metric  arrangement.,  a  creel  to  hold 
the  ./an.,  and  a  guide  plate  With  five  concentric  circles  around  the 
center  hole.  To  reduce  abrasion  of  the  yarns  in  passing  through  the  guide 
plate,  the  plate  was  made  of  Teflon^. 

Each  yfrrn  in  drawn  in  1  he  appropriate  hole  to  make  up  the  blended 
structure.  A  uepn . ate  drawing  had  to  be  made  for  each  yarn  structure 
tested.  A  creel  wa~  constructed  to  hold  the  91  yarns.  The  creel  was 
designed  to  c Od  100  plastic  spools,  only  91  of  which  are  used.  The 
plastic  sp ov  s  are  placed  on  five  bars,  twenty  spools  to  a  bar.  Ea :h 
spool  measures  2 ^  inches  in  diameter  and  approximately  3/8  inches  in 
width  (2^-inch  tape  recorder  reels).  The  yarn  is  drawn  from  'he  spool 
through  a  guide,  then  drawn  through  the  tension  bars  before  being  threaded 
through  th-5  guide  plate  hole.  The  tension  on  each  yam  was  measured  with 
a  Ohatillon  spring  scale,  having  a  full,  scale  reading  of  JO  grams.  'The 
creel,  guide  plate  and  twisting  device  are  shown  in  Figure  6.  The  twist¬ 
ing  head  con;i.sts  of  a  selsyn  drive,  mounted  on  a  carriage.  The  speed 
of  the  twisting  head  was  varied  to  obtain  the  different  twist  levels  used 
in  t'  is  study.  The  lateral  speed  of  the  twisting  head  is  conaistant. 

In  the  operation  of  the  spinning  device,  several  operating  techniques 
had  tc  b*>  learned  for  siuooUmess  of  operation  and  to  obtain  a  uniform  yam. 

Initially  the  tenrion  in  the  yam  was  adjusted  for  each  concentric 
ring,  the  highest  ter.<?inn  in  the  center  and  lowest  on  the  outside.  However, 
starting  with  l  a-3  gram  tension  on  the  outside  ring  and  increasing  the 
tension  of  each  ring  by  3  grams,  the  tension  on  the  center  yarn  amounted 
t"  18-20  grams.  While  the  relative  loads  are  small,  the  increase  in 
tension  from  center  yarn  to  outside  ring  represented  a  six-fold  increase. 

This  was  considered  undesirable,  since  the  center  yarn  would  in  effect 
be  strained  and  may  influence  the  test  results.  A  satisfactory  operating 
condition  was  achieved  (i.e.,  the  yams  formed  an  undistorted  cone)  when 
a.  4-5  gram  tension  w?s  maintained  for  the  center  yan  end  a  2-3  gram 
tension  for  the  remaining  yarns.  A  load  of  3/4  lbs  wrn  required  1  o  draw 
the  yarti"  fer  spinning. 

A  second  condition  was  found  to  be  important  in  order  to  obtain  a 
uniformly  spun  product,  tnat  is  the  distance  from  the  guide  plate  to  the 
spinning  head .  The  initial  yarn  length  of  3  feet  was  found  to  be  unsatis¬ 
factory  because  of  excessive  yam  wrap  in  the  outer  layers.  A  distance 
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Creel  and  Twist 


of  8  feet  was  tried  next,  but  this  distance  proved  too  great;  yarn  wrap 
of  the  outer  layers  was  reduced,  but  the  long  span  introduced  too  much 
slack  in  the  outer  layers  leading  to  greater  lengths  of  yam  in  the 
outer  ring,  A  four-foot  length  gave  the  best  trade  balance  with  respect 
to  evenness  of  twist  and  yam  length  (no  sag;  in  the  outer  rings.  The 
effect  of  yarn  wrap  in  the  outer  layers  was  controlled  by  drawing  and 
spinning  the  yams  with  only  3/4  of  the  necessary  twist,  then  clamping 
the  far  end  of  the  yam  and  inserting  the  remaining  twist  in  the  yarn 
without  drawing. 

The  third  condition  to  be  met  is  uniformity  of  tension.  The  yam 
had  to  be  wound  evenly  on  the  plastic  spools  under  uniform  tension.  To 
do  thi3  properly  a  winder  had  to  be  constructed  as  shown  in  Figure  7. 

The  winder  in  Figure  7  winds  the  plastic  spools  with  a  uniform  wrap. 

The  machine  is  equipped  with  tension  bars  and  all  yams  were  wound 
under  a  constant  tension  of  5  grams.  The  reel  (A)  in  Figure  7  was  used 
for  winding  the  dyed  cotton  skeins,  while  the  stand  was  used  for  winding 
Dacron  yarn. 

Basic  Yarns  and  Preparation  for  Twisting 

Dacron  Yam.  70  denier,  34  filament,  Dacron  yams  were  used  without 
modification.  The  Dacron  yam  was  wound  on  the  plastic  spool  for  use  ir 
the  twisting  device. 

Cotton  Yam.  The  cotton  yam  selected  was  a  commercially  available 
single  combed  cotton  yarn  of  79  cotton  count.  Since  it  is  desirable  to 
match  the  denier  of  the  cotton  to  the  Dacron  the  comparative  denier  size 
can  be  calculated  from  the  cotton  count  as  follows: 

Comparative  denier  count  5313 _ 

Cotton  Count 


,53.13  =  67  denier  for  cotton  yam. 

79 

The  cotton  yam  was  skeined,  scoured  and  dyed,  then  rewound  on  spools 
for  the  twisting  machine.  A  total  of  91  different  colors  were  dyed  and 
coded  to  enable  identification  of  cotton  with  respect  to  the  radial  position 
in  the  model  yarn  cross  sections.  The  dye  formulations  and  dyeing  pro¬ 
cedures  are  listed  in  Appendix  B. 

Model  Yams  Spun 

The  total  number  of  yarns  in  the  model  yam  assembly  is  91  yams.  The 
following  combinations  of  cotton  and  Dacron  yarns  were  spun: 

(1)  I.I56  cotton  -  1  cotton,  90  Dacron  yarns 

(2)  2.2%  cotton  (cotton  centered)  -  2  cotton,  89  Dacron  yarns 
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(3)  2.2?  cotton  (cotton  outside  shell)  -  2  cotton,  89  Dacron  yams 

(4)  11.0?  cotton  (centered  cotton  core)  -  10  cotton,  81 
Dacron  yarns 

(5)  11.0?  (cotton  distributed  in  cross  section)  -  10  cotton, 

81  Dacron  yams 

(6)  11.0?  cotton  (cotton  outside  shell,  Dacron  core)  -  10 
cotton,  81  Dacron  yams 

(7)  22.0?  cotton  (centered  cotton  core)  -  20  cotton,  ?1 
Dacron  yams 

(8)  22. 0?  cotton  (cotton  distributed  on  cross  section)  - 
20  cotton,  71  Dacron  yams 

(9)  22.0?  cotton  (cotton  outside  shell,  Dacron  core)  -  20 
cotton,  71  Dacron  yams 

(10)  33-0?  cotton  (centered,  cotton  core)  -  30  cotton,  61 
Dacron  yams 

(11)  33-0?  cotton  (cotton  distributed  in  cross  section)  - 
30  cotton,  61  Dacron  yams 

(12)  33-0?  cotton  (cotton  outside  shell,  Dacron  core)  -  30 
cotton,  61  Dacron  yams 

(13)  44.0?  cotton  (cotton  centered,  cotton  core)  -  40  cotton, 

51  Dacron  yams 

(14)  44-0?  cotton  (cotton  distributed  in  cross  section)  - 
40  cotton,  51  Dacron  yams 

(15)  44-0?  cotton  (cotton  outside  shell.  Dacron  core)  -  40 
cotton,  51  Dacron  yams 

(16)  56.0?  cotton  (cotton  centered,  cotton  core)  -  51  cotton, 

40  Dacron  yarns 

(17)  56.0?  cotton  (cotton  distributed  in  cross  section)  -  51 
cotton,  40  Dacron  yarns 

(18)  56.O?  cotton  (cotton  outside  shell.  Dacron  core)  -  51 
cotton,  40  Dacron  yams 
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(19)  67-0$  cotton  (cotton  centered,  cotton  core)  -  61  cotton, 
30  Dacron  yam3 

(20)  67.0%  cotton  (cotton  distributed  in  cross  section)  -  61 
cotton,  30  Dacron  yarns 

(21)  67 -0$  cotton  (cotton  outside  shell.  Dacron  core)  -  61 
cotton,  30  'acron  yams 

(22)  89-0$  cotton  (cotton  centered,  cotton  core)  -  81  cotton, 
10  Dacron  yarns 

(23)  89.0$  cotton  (cotton  distributed  in  cross  section)  - 
81  cotton,  10  Dacron  yams 

(24)  89*0$  cotton  (cotton  outside  shell,  Dacron  core)  -  81 
cotton,  10  Dacron  yams 

(25)  100.0$  cotton  -•  91  cotton  yams 

(26)  100.0$  Dacron  -  91  Dacron  yarns 


Each  of  yarn  combinations  listed  above  required  a  complete  rearrange¬ 
ment  of  the  91  yams  and  redrawing  through  the  guide  plate  with  its  at¬ 
tendant  measuring  of  the  tension  in  each  yarn. 


Model  yam 

with  cotton  yarns 

distributed 

in  the  cross  section 

3 

item3  1,  2,  5, 

8,  11,  14,  17,  20, 

23,  25,  and 

26  were  spun  at  5  different 

TM  levels — O.55 

,  1.1,  2.2,  3-3,  and  4>4  TM,  respectively 

• 

A  TM 

of  1  or  3  was  used 

for  cotton 

core  yams . 

A  TM 

of  2  or  4  was  used 

for  Dacron 

core  yams. 

The  blend 

ratio  and  count  of 

the  model  yam  spun  is 

shown  in 

Table  III 

Table  III 

Blend  Ratio  and 

Count  of  Model  Yams 

Dacron  & 

Cotton 

No.  of  Dacron 

No.  of  cotton 

Denier 

Denier 

Cotton 

Count 

Yarns  70/3 4d. 

Yarns  67d. 

Dacron 

Cotton 

Denier 

Blend 

91 

0 

6370 

0 

6370 

0.835 

90 

1 

6300 

67 

6367 

0.836 

S9 

2 

6230 

134 

6364 

0.837 

81 

10 

5670 

670 

6340 

0 . 840 
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Table  III  (Continued) 


Blend  Ratio  and  Count  of  Model  Yarns 


Dacron 

70/34d. 

No.  of  cotton 
Yams  67d. 

Denier 

Dacron 

Denier 

Cotton 

Dacron  & 
Cotton 
Denier 

Cotton 

Count 

Blend 

71 

20 

4970 

1340 

6310 

0.842 

61 

30 

4270 

2010 

6280 

0.847 

51 

40 

3570 

2680 

6250 

0.851 

40 

51 

2800 

3417 

6217 

0.855 

30 

61 

2100 

4087 

6187 

0.860 

10 

81 

700 

5427 

6127 

0.869 

0 

91 

0 

6097 

6097 

0.874 

Testing  Techniques: 

a .  Cotton  yarn 

Cotton  rupture  strength  vs  gauge  length  was  checked  by  testing  for 
the  following  gauge  lengths:  4,  8,  20,  40,  60,  80,  100,  150,  and  200  mm. 

The  cotton  was  tested  as  received,  i.e.,  undyed,  scoured  and  dyed  and  for 
the  effect  of  added  twist.  The  rupture  strength  for  each  gauge  length  will 
serve  as  a  basis  for  evaluating  the  forces  exerted  on  the  cotton  in  the  blended 
yarn.  The  length  of  the  cotton  yarn  fragments  will  be  compared  with  the  load 
elongation  data  obtained  on  the  cotton  yams  and  the  load  data  on  the  model  yarns. 

b .  Model  yarn  tests 


"he  blended  model  yams  were  elongated  in  the  Instron  tensile  testing 
machine  to  several  strain  levels  up  to  and  including  rupture.  The  radial  posi¬ 
tion  of  cotton  yarns  in  the  cross  section  can  be  obtained  by  microscopic  examin¬ 
ation  of  the  yarn. 

The  number  of  cotton  yarns  in  the  blended  yarn  can  be  obtained  by 
direct  count  or  by  blend  level. 

The  twist  can  be  determined  by  untwisting  each  specimen. 

The  yarn  elongation  and  load  level  can  be  read  from  the  Instron  chart. 

The  number  of  broken  pieces  can  be  established  by  direct  count  of 
the  number  of  pieces  taken  from  the  dissected  yarn. 

The  average  gauge  length  of  200  mm  (8  inches)  was  selected  for  this 
portion  of  the  test. 

The  strained  yams  were  set  aside  and  allowed  to  recover.  The  yarns 
were  then  untwisted  and  all  the  yarn  segments  picked  up  and  measured. 


22 


Factors  to  be  considered  in  the  analysis  of  the  strained  yam : 

a.  Number  of  cotton  fibers  in  the  blended  yarn. 

b.  Twist  level. 

c.  Yarn  elongation  level. 

d.  Load  level  for  indicated  elongation. 

e.  Number  of  broken  cotton  pieces  for  each  cotton  yarn  in 

the  blend. 

f.  Average  length  of  broken  cotton  pieces. 

g.  The  position  of  the  cotton  yarn  in  the  cross  section  of 

the  model. 

The  length  of  the  cotton  segments  were  obtained  by  direct  measurement. 

For  pieces  greater  than  25  mm  a  conventional  rule  was  used;  for  pieces 
less  than  25  mm  a  wedge  was  used  (Figure  8).  The  direct  measurement  of 
small  cotton  segments  using  the  wedge  presented  some  difficuity.  The 
broken  cotton  segments  contained  tails  at  each  end  which  could  not  be 
distinguished  from  the  body  of  the  broken  segment.  The  tails  had  to 
be  included  in  the  measurement  of  segment  length.  Thus  the  measured 
cotton  segments,  when  added,  total  a  length  much  greater  than  the  original 
length  of  the  original  cotton  yarn.  This  difficulty  was  not  experienced 
with  the  longer  broken  cotton  pieces,  25  mm  or  greater  in  length,  because 
the  tails  of  the  broken  pieces  were  small  in  comparison  to  the  cotton 
segment  measured.  To  obtain  an  accurate  evaluation  of  the  critical  cotton 
length  it  was  necessary  to  collect  and  count  all  the  broken  segments,  then 
divide  the  number  of  segments  into  the  extended  and  relaxed  length  of  the 
tested  specimen. 

The  radial  position  of  the  cotton  yarn  in  the  cross  section  of  the 
model  yarn  is  established  by  observing  a  yarn  cross  section  and  identifying 
the  yarn  by  color  code  (Appendix  B)  and  radial  spacing,  ring  1,  2,  3,  h, 
or  5-  Fractional  ring  designations  were  not  used,  but  the  yarn  was  fitted 
into  the  ring  containing  the  largest  portion  of  the  yarn's  cross  sectional 
area. 

The  yarns  for  cross  sectionizing  were  mounted  in  a  frame  and  tensioned 
to  5  percent  extension  (approximately  20- lb  tension).  Five  sections  of 
yarn  were  used,  each  section  representing  a  segment  of  four  foot  length 
of  yarn.  Five  segments  of  yarn  under  tension  were  fitted  in  a  form.  A 
resin  was  poured  .in  the  form  and  allowed  to  cure  at  room  temperature. 

The  types  of  resin  used  and  the  procedures  are  listed  in  Appendix  C.  The 
tension  frame  and  resin  mold  is  shown  in  Figure  8. 
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A  -  Frame  to  stretch  yams 

B  -  Silicon  frame  for  holding  yarns  for  impregnation 
C  -  Clamp  for  holding  yams  which  resin  cures 
D  -  Mold  for  silicon  frame 
E  -  Chatillon  spring  scale  -  50  grams 
F  -  Wedge  for  measuring  fiber  length 


Figure  8.  Tension  Frame  and  Kesin  Mold 


24 


The  resin  impregnated  yarns  were  sectioned  with  a  hand  microtome. 
Sections  less  than  10/l000-inch  were  unsatisfactory — the  yam  segments 
dropping  out  of  the  resin.  Sections  15/ 1000-inch  thick  were  mounted 
on  a  standard  microscope  slide  and  examined  under  the  microscope  for 
diameter  of  model  yam,  diameter  of  cotton  yams,  and  radial  position 
of  cotton  yarns.  Five  cross  sections  were  examined  for  each  yam,  only 
one  of  which  was  mounted  into  a  permanent  slide  and  photographed.  The 
microphotographs  were  made  with  a  (Initron  adaptor  for  35  mm  camera. 
Ektachrome  B  indoor  film  with  an  ASA  rating  of  125  was  used.  A  Unitron 
substage  illuminator  was  used.  The  camera  speed  was  30  seconds  at  fl.9. 

1 1 1  b Calibration  qgi-gottoa  Yam:; 

Cotton  yarn  diameter  (D):  The  cotton  yam  diameter  was  measured 
in  the  model  yam  cross  section.  The  low  cotton  content  model  yarns  (up 
to  44  percent  cotton)  were  extended  5  percent,  corresponding  to  an 
approximate  load  of  20  lbs.  This  places  the  cotton  yam  under  load  both 
in  tension  and  pressure  which  serves  to  compact  the  cotton  yarn,  reducing 
the  diameter  to  more  closely  approximate  the  condition  of  test. 

The  diameter  of  the  cotton  yarn  varied  considerably,  from  a  low  of 
0.06  millimeter  to  a  high  of  0.18  millimeter — a  threefold  <  hange.  The 
average  diameter  of  the  cotton  yam  based  on  100  measurements  was  found 
to  be  0.091  millimeters. 

D  -=  0.091  millimeters  average  diameter  of  cotton  yam. 

Breaking  strength  of  cotton  yams  (Tb)  -  The  measured  strength 
of  a  cotton  yam  is  strongly  dependent  on  the  gauge  length  tested,  in 
particular,  gauge  lengths  less  than  10  centimeters.  This  dependence  of 
breaking  strength  on  specimen  length  is  due  to  a  variety  of  causes j 
irregularities  in  the  yarn  of  mass  or  twist,  variation  in  thickness  of 
the  yam,  and  variations  in  the  fiber  itself.  In  addition  to  variation 
in  the  strength  along  the  length  of  the  yarn,  differences  in  strength 
among  different  yams  must  be  evaluated.  In  this  study  the  effect  ol 
dyeing  the  yarns,  and  the  effect  of  added  twist  had  to  be  evaluated. 

The  1  otton  yarns  were  tested  on  the  Instron  machine  using  the  B 
cell  and  a  load  range  of  200  grams.  Several  schemes  were  tried  to  elim¬ 
inate  the  effect  of  jaw  penetration.  The  first  of  these  was  to  clamp 
the  yarn  in  the  steel  jaws.  The  test  results,  particularly  for  short 
gauge  length,,  were  extreme 'iy  Jrw.  The  second  scheme  tried  was  to  imbed 
the  yarn  ends  in  a  rosin.  'This  scheme  was  -  iscarded  when  no  improvement 
was  noted  in  the  breaking  strength  tested  usung  the  steel  jaws.  The  highest 
strengths  were  obtained  when  the  cotton  yarns  were  mounted  n  cardboard 
tabs  and  taped  with  a  good  grade  of  adhesive  tape  and  then  clamped  in 
the  standard  Instron  jaws. 


The  smallest  piece  of  cotton  yarn  which  could  be  picked  up  without 
disintegrating  was  2  millimeters.  Twice  this  length  is  4  millimeters, 
the  shortest  piece  for  which  rupture  strength  was  evaluated.  The  gauge 
lengths  tested  were  4,  8,  20,  40,  60,  80,  100,  150,  and  200  ram. 

To  test  the  effect  of  twist,  two  twist  levels  were  checked — 2  turns 
per  inch,  and  1  and  4  turns  per  inch.  To  test  the  effect  of  dyeing  the 
yarns,  all  91  dyed  yarns  were  used.  The  yams  were  separated  into  10 
groups.  An  average  of  100  tests  were  run  on  each  group.  Each  group 
contained  the  gauge  length  variation  listed  above.  Each  color  was  tested 
twice.  On  those  colored  yams  in  each  group  of  10  which  showed  a  very 
high  or  very  lew  load,  five  additional  tests  were  run.  It  was  found  that 
extremely  high  loads  or  extremely  low  loads  were  due  to  local  variations 
in  the  yarn  structure  (yam  irregularity).  It  was  further  found  that  the 
effect  of  added  twist  and  color  was  negligible  and  a  composite  curve  for 
all  colors  could  be  used  for  the  strength  of  cotton  yarn  at  different 
gauge  lengths.  Four  typical  curves  of  the  10  test  runs  are  shown  in 
Figure  9.  These  curves  represent  the  highest  and  lowest  values  found. 

ho-  "  i.ggg|!£iciignfe cOg ilrjctlon 

Machida  found  that  the  coefficient  of  friction  between  cotton  and 
Dacron  is  difficult  to  determine  under  conditions  of  test.  Since  this 
coefficient  is  a  compromj.se  value,  the  value  selected  for  this  study  is 
given  below: 


y  =  0.25 


Test  Results 


The  data  for  ...11  yams  are  shown  graphically  in  Appendix  D,  Figures 
1  through  90.  Six  sets  of  data  are  presented  as  follows; 


1.  The  effect  of  twist  on  the  load  elongation  behavior  of  the 


yam. 


2.  The  effect  of  cotton  core  (Dacron  shell)  on  the  load  elonga 
tion  behavior  of  the-  yarn. 

3 .  The  effect  of  Dacron  core  (cotton  shell)  on  the  load  elonga 
tion  behavior  of  the  yarn. 


4.  The  number  of  broken  pieces  of  cotton  yarn  found  after 
stretching  the  model  yarn  to  a  given  extension. 
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5-  The  method  of  propagation  cl'  cotton  breaks  and  their 
location  in  the  yam  model . 

6.  A  tabulation  cf  critical  fiber  lengths  as  a  function  of 
the  cotton-Dacron  blend  ratio  and  radial  position  in  the  yarn  cross 
section . 


in  the  following  discussion,  the  radial  position  of  the  cotton 
represents  an  average  of  5  separate  observations.  The  observations 
were  made  on  f  different  cross  sections,  each  cross  section  representing 
a  different  /,-foot  length  of  model  yarn.  Although  special  precautions 
were  taken  to  prevent  migration  of  the  yams,  migration  of  the  yarn  by 
one  ring  position  was  found.  The  extent  of  this  migration  can  be  seen 
by  selecting  one  yam  as  a  typical  example:  a  blend  of  22  percent  cotton, 
78  percent  Dacron  with  a  Dacron  core  (cotton  shell).  The  model  yam  cross 
sec.,  .;n  is  represented  by  91  circles  geometrically  arranged  as  shown  in 
Figure  10.  The  numbered  circles  represent  the  location  of  cot- ton  yams. 
The  method  of  numbering  will  be  discussed  below  in  describing  the  location 
and  propagation  of  the  yarr  breaks.  The  20  yams  were  inserted  in  the 
fourth  ring  (Figure  10a)  and  carefully  twisted.  The  average  radial  posi¬ 
tion  of  the  yarns  found  is  shown  in  Figure  10b.  This  represents  a  change 
in  radial  position  of  one  ring,  it  can  be  a?"  uncd  that  the  yarn  has  moved 
either  outward  or  inward  *  0.2  r/K*  However,  since  the  stress-strain 
curves  are  averages  of  2  tests  for  the  breaking  extensions  and  averages 
of  4  to  14  tests  for  the  lower  extension,  i  is  assumed  that  radial 
positions  of  the  cotton  yams  as  shown  represent  their  average  position 
for  all  trie  yams  analyzed. 


Disc ussion 


This  discussion  will  cover  the  following  conditions  of  test,  not 
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6.  Propagation  of  cotton  breaks  in  a  Dacron-cotton  blend. 

7.  Summary  of  factors  describing  the  mechanism  of  fiber  to 
fiber  load  transfer  and  the  mechanics  of  rupture  of  Dacron-cotton  blend. 


’  Effect  of  Dacron-flotton<iBitendu.fiqU.o.,Qnngttasngt}i-.oiC  Yarn 

The  strength  of  the  70/34  Dacron  yam  as  tested  has  a  strength  of 
3.86  grams  per  denier  while  the  strength  of  the  cotton  yam  was  found 
to  be  2,09  grams/denier.  The  predicted  strength  of  blends  of  the  two 
yams,  using  the  technique  proposed  by  Hamburger' ,  is  given  in  Figure 
11a  which  shows  that  the  strength  of  the  blended  yam  should  never  be 
less  than  that  of  the  cotton  fiber.  This  is  generally  the  case  and  is 
shown  in  Figures  lib,  0.55  TM;  11c,  1.1  TM;  lid,  2.2  TM;  lie,  3-3  TM; 
and  llf,  4*4  TM.  In  each  of  the  figures,  there  appears  to  be  fair  to 
good  agreement  with  the  predicted  curve  at  low  cotton  contents,  but 
after  passing  the  50  percent  cotton  blend  level,  the  strength  of  the 
blended  yam  is  much  below  the  predicted  strength.  At  0.55  TM,  the 
departure  of  actual  yam  strength  from  the  predicted  strength  can  be 
explained  as  follows:  the  low  twist  level  does  not  allow  the  inter 
yam  friction  to  build  to  a  level  where  the  yams  reinforce  one  another, 
adding  to  the  strength  of  the  yam  structure.  At  0.55  TM  twist  the 
individual  yams  in  the  mudel  yam  act  more  or  less  independently,  and 
where  there  is  a  high  percentage  of  yarn  of  uniform  strength  (Dacron), 
closer  agreement  will  be  reached  with  the  predicted  behavior;  where  the 
higher  proportion  of  the  yam  is  less  uniform  in  strength  (cotton),  a 
greater  divergence  from  the  predicted  strength  will  occur.  Additional 
insight  to  this  phenomenon  will  be  obtained  under  the  discussion  of  the 
effect  of  twist.  As  twist  is  increased.  Figure  11c,  1.1  TM  and  lid, 

2.2  TM,  the  agreement  between  experimental  and  theoretical  results,  while 
not  good,  show  an  improvement  over  O.55  TM  yam,  Figure  13b,  particularly 
in  the  region  of  high  cotton  content.  It  is  suggested  that  the  reason 
for  this  is  the  greater  friction  between  the  yams,  causing  the  cotton  yams 
to  react  to  the  load  in  a  group,  reducing  the  early  breakage  of  the  weaker 
fibers.  With  1.1  TM  and  2.2  TM  yams,  not  only  is  there  better  agreement 
with  the  theoretical  predicted  strength  but,  as  expected,  the  strength  of 
the  yarn  is  increased.  With  the  3  TM  yarn,  the  overall  strength  of  the 
blended  yam  has  passed  the  optimum  strength  twist  relationship,  and  while 
the  strength  of  the  3-3  TM  yam  is  not  much  different  from  the  2.2  TO 
a  slight  decrease  in  breaking  strength  is  noted.  A  further  decrease 
in  strength  as  well  as  poorer  agreement  with  the  theoretical  curve  occurs 
with  the  4.4  TM  blend  as  ■diown  in  Figure  llf.  It  will  be  shown  later 
under  the  effect,  of  twist  that  a  different  mechanism  of  break  is  operative 
at  the  higher  TM  levels.  The  breaking  elongations  of  the  blended  yams 
are  shown  in  Figures  12a,  .55  TM.;  12b,  1.1  I'M;  12c,  2.2  TM;  12d,  3-3  TM; 
and  12®,  4-4  TM.  An  examination  of  Figures  12a,  .55  TM,  and  12b,  1.1  TM, 
shows  that  for  cotton  content  of  up  to  33  percent,  the  breaking  elongation 
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is  not  very  different  from  that  of  100$  Dacron.  At  44$  cotton  (F'ig.  12b) 
two  breaking  aKt«asion»  were  obtained,  one  approaching  the  breaking  extension 
for  Dacron  and  the  other  approaching  the  breaking  extension  for  cotton.  It 
is  suggested  that  this  lower  point  (cotton  breaking  extension)  results  from 
yam  slippage  at  the  low  twist  levels.  In  fact,  in  Figure  12b,  the  upper 
point  reflects  the  slippage  due  to  friction  between  the  yams  while  the 
.lower  point  reflects  a  cotton  core  yarn,  where  the  surface  contact  between 
cotton  and  Dacron  is  minimized  and  a  catastrophic  failure  of  the  40  cotton 
yarns  caused  the  Dacron  yam  tc  fail.  A  suggested  mechanism  of  failure  will 
be  explained  below  under  the  effect  of  twist.  Figures  12c,  2.2  TM;  12d,  3-3 
TM;  and  12e,  4-4  TM.  It  should  be  evident  that  for  cotton  contents  of  over 
33$,  the  breaking  extension  is  equivalent  to  that  of  cotton  and  for  cotton 
content  of  33$  or  less,  the  breaking  extension  of  the  blended  yarn  is  equiv¬ 
alent  to  that  of  Dacron .  The  second  point  on  Figure  12c  at  33$  cotton  content 
is  for  a  yarn  with  the  cotton  primarily  in  the  shell  (Fig.  57,  Appendix  D). 

In  this  case  the  30  cotton  yarns  broke  but  the  Dacron  core  was  still  intact. 
However,  with  the  cotton  shell  broken,  the  yarn  was  not  considered  serviceable 
and  the  test  terminated.  It  would  appear  from  the  data  or,  breaking  extensions 
for  Dacron-cotton  blends  that  two  levels  of  breaking  extensions  are  possible; 
at  cotton  contents  of  33$  or  less,  the  breaking  extension  of  the  blended  yam 
decreases  only  slightly  from  the  breaking  extension  of  100$  Dacron,  At  low 
twist  levels  of  0.55  TM  and  1.1  TM,  a  fairly  high  breaking  extension  is  realized 
up  to  44$  cotton  content.  At  44$  cotton  content  and  TKs  2,2  through  4-4,  and 
for  blends  with  cotton  untent  greater  than  44$,  the  breaking  extensions  are 
primarily  the  same  as  those  for  100$  cot. ton  yams. 

It  is  interesting  to  note  that  the  discrepancy  between  theoretical  and 
experimental  results  found  in  this  study  was  with  the  yarns  of  high  cotton 
content.  Kemp  and  (Ven,  with  their  cotton-Nyion  staple  blends,  found  a  dis¬ 
crepancy  in  the  region  of  low  cotton  content  of  2'J  to  40$  cotton  in  a  blend 
of  Nylon.  It  should  be  remembered  that  the  theoretical  basis  for  predicting 
the  strength  of  blends  does  not  account  for  the  interaction  between  the 
component  fibers.  However,  nonetheless,  it  would  be  interesting  to  investigate 
the  reason  for  the  differences  found.  Whether  the  difference  in  behavior  is 
due  to  the  difference  between  the  model  yarn  and  a  staple  fiber  yarn,  or 
whether  the  difference  is  due  to  the  stress-strain  behavior  of  the  component 
fibers,  would  form  the  subject  of  an  interesting  paper. 
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Appendix  D,  as  follows: 
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Figure  6  -  33% 

Figure  7  -  44% 
Figure  8  -  56% 

Figure  9  -  67% 

Figure  10  -  89% 

Figure  11  -  100% 
cotton  content 


An  examination  of  these  figures  shows  that  as  twist  increases  from  0-55 
TM  to  4-4  TM,  the  breaking  extension  increases  and  in  general  the  strength 
of  the  yarn  dees  not  change  significantly  from  the  strength  of  the  1  TM 
twist  for  each  blend  level.  Each  blend  level  must  be  examined  separately. 
The  .100%  Dacron  should  increase  in  breaking  extension  and  the  strength  in¬ 
creases  from  0.54  TM  to  1.1  TM  then  decreases.  The  lower  strength  for  the 
0.54  TM  yarn  is  attributed  to  the  low  twist  which,  as  wild,  be  shown  later, 
does  not  develop  high  frictional  forces  between  the  yarns;  this  is  notice¬ 
able  by  the  drop  in  strength  at  the  higher  levels  of  extension.  Generally, 
the  same  reaction  to  load  is  shown  in  1.1  and  2.2%  cotton  content.  In  this 
case,  the  cotton  content  is  too  low  to  exert  any  influence  on  the  behavior 
of  the  load  elongation  characteristics  of  the  Dacron  yarn.  It  should  be 
noted  that  th"  3-38  TM  curve  in  Figure  2  shows  a  slightly  greater  extension 
than  the  higher  twist  4.37  TM  curve.  This  was  due  to  a  2%  greater  length 
in  the  cotton  yarn  before  testing  (20.4  cm  instead  of  20.0  cm).  In  Figure 
4,  11%  cotton  content,  the  load  elongation  of  the  model  blended  yarn  shows 
a  slight  change  in  shape;  a  dip  appears  just  beyond  the  yield  stress  and  it 
will  be  shown  that  this  dip  is  due  to  rupture  of  the  cotton  yarns,  Machida's 
first  yield  point.  The  strength  of  the  yarn  after  this  initial  dip  contin¬ 
ues  to  increase  until  the  rupture  elongation  of  the  yam  is  reached  (Machida 
second  breaking  load).  The  dip  in  the  load  elongation  curve  is  not  apparent 
in  the  higher  twist  yarns  (3.25  and  4.37  TM) .  This  is  due  to  the  cotton 
yams  in  different  radial  positions  not  reaching  their  breaking  elongation 
at  the  same  extension.  The  level  of  elongation  at  break  is  onlj’’  slightly 
less  than  the  100%  Dacron  and  the  overall  strength  is  l.ower  because  of  the 
replacement  of  the  stronger  yam  for  a  weaker  one.  The  yarns  with  22%  cot¬ 
ton  and  33%  cotton  show  a  deeper  dip  after  the  first  rupture  point;  the 
curve  at  higher  loads  is  flatter  than  the  higher  content  Dacron  yarns. 

This  is  due  to  the  higher  proportion  of  cotton  which  contributes  to  the 
strength  of  the  blended  yarn  by  continuing  to  break  as  the  blended  yam 
is  elongated  to  its  breaking  extension.  The  yarns  at.  the  low  twist  levels 


did  not  break  cleanly,  but  some  of  the  Dacron  yarns  remained  intact,  only 
to  break  at.  a  higher  extension.  This  phenomenon  can  only  occur  when  the 
frictional  forces  are  low  and,  in  the  situation  where  the  Dacron  yarns  break 
at  a  higher  extension,  these  yarns  are  riot  fully  contributing  to  increasing 
the  breaking  strength  of  the  blended  yarn.  In  44%  cotton,  561  cotton,  67% 
cotton,  89%  cotton  and  100%  cotton,  the  first  break  in  the  blended  yari  is 


accentuated  as  the  cotton  content,  is  increased 


and  1.1  TM),  the  strength  of  the  Dacron  yarns 


;  also,  at  low  twists  (0.54 
is  riot  fully  ill  zed,  since 


some  of  the  Dacron  yarns  break  over  a  range  of  extensions  because  of  the 
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.frictional  forces  being  too  low  to  allow  the  yam  bundles  to  react  to  the 
imposed  loads  as  a  unit.  The  effect  of  blend  ratio  in  a  cotton-Dacron  blend 
and  the  strength  and  extension  properties  of  the  yams  are  summarized  in 
Figures  13,  0.54  TM;  14,  1.1  TM;  15,  2.2  TM;  16,  3-3  TM;  and  17,  4-4  TM. 

Each  figure  shows  four  load  elongation  curves  at  different,  bland  levels: 
the  100$  cotton  and  100$  Dacron  controls,  the  33$  cotton  content,  and  the 
44$  cotton  content  yams.  The  blend  levels  selected  represent  a  break  in  the 
load  elongation  behavior  of  the  blended  yarns.  At  low  twist  levels,  0.54 
TM  and  1.1  TM  (Figures  13  and  14),  the  blended  yams  increase  in  strength 
until  the  first  rupture  point  is  reached,  then  the  strength  of  the  yarn  drops 
to  the  level  of  the  strength  of  the  Dacron  yams.  'Hus  drop  in  strength  is 
due  to  the  rupture  of  the  cotton  yarns  and  the  low  frictional  forces  between 
the  yams  which  allow  the  extending  Dacron  yarns  to  slide  over  the  broken 
cotton  yarns.  As  the  blended  yarn  extends,  the  pressure  within  the  yam  in¬ 
creases,  increasing  the  frictional  force  between  the  cotton  and  Dacron  yarns, 
thereby  reducing  the  slippage  between  the  yarns  in  which  case  the  strength  of 
the  blended  yam  is  increased.  This  mechanism  occurs  for  each  peak  shown  in 
the  stress- strain  curve.  It  will  be  shewn  that  after  each  peak  additional 
cotton  yarns  break,  or  each  cotton  yarn  breaks  into  smaller  fragments.  At 
higher  twist  levels  (2.2  TM,  Figure  15;  3-3  TM,  Figure  16;  and  4.4  TM,  Figure 
17),  the  load  elongation  behavior  of  the  33$  cotton  content  blend  reacts  as  a 
Dacron  yarn;  i.e.,  the  yarn  carried  a  load  over  three  times  the  elongation 
of  the  first  break  in  the  blended  yam.  The  flat  shape  of  the  curve  beyond 
the  yield  point  is  an  indication  that,  the  cotton  is  contributing  to  yarn 
strength  beyond  its  breaking  extension.  The  yams  with  44$  cotton  content 
shew  a  different  behavior  to  load  where  the  yam  reaches  its  rupture  extension, 
right  after  the  first  break.  This  is  due  primarily  to  a  change  in  the  mechanism 
of  rupture.  The  cotton  yam  rupture  at  the  higher  twists  is  probably  due  to 
the  frictional  forces  between  the  Dacrori  and  cotton  yarns  which  prevent  the 
Dacron  yam  from  slipping  past  the  cotton;  therefore,  after  the  cot  Lor.  yarns 
rupture,  the  gauge  length  of  the  Dacron  yams  new  becomes  the  width  of  the 
cotton  yarn  break;  extension  of  the  Dacron  yarns  is  accelerated,  and  rupture  of 
the  Dacron  yarn  is  quickly  reached,  almost  simultaneously  with  the  cotton  break. 
This  finding  is  in  agreement  with  Machida's  observation  that  in  Ny Ion-cotton 
and  Dacron-cotton  blends,  the  maximum  blend  ratio  of  cotton  is  found  experi¬ 
mentally  to  be  less  tlian  50$,  In  order  to  extend  the  blended  yarn  "Ver  the 
first  rupture  point . 

It.  should  be  noted  tria*  the  stiffness  of  the  44$  cotton  blend  is  lower 
than  that  of  the  33;'  cotton  blend  at  2.<t  TM;  however,  at  3-3  TM  the  stiffness 
of  the  44$  blend  Is  equal  to  or  greater  than  that,  of  the  33*'  cotton,  and  at 
4.4  TM  it  is  greater  still.  This  can  oe  attributed  t.<>  a  difference  in  the 
absence  of  cotton  yam  rupture.  In  the  case  of  the  44$  blend,  the  cot.t«>n 
yarn  rupture  for  all  cot  ton  fibers  is  catastrophic;  in  the  ease  where  the 
cotton  yarn  breaks  into  fragments,  the  load  is  relieved  and  fractional  slip¬ 
ping  occurs,  lowering  the  ultimate  load  and  permitting  a  load  sharing  between 
yarns  of  different  r up t lire  extensions.  A  further  investigation  ol  this 
phenomenon  would  make  an  interesting  subject  for  a  Separate  paper. 
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In  summary,  the  effect  of  cotton-Dacron  blend  ratio  on  the  load 
elongation  behavior  of  the  blended  yarn  is  as  follows:  for  cotton  contents 
of  33$  or  less,  the  yam  carries  its  load  beyond  its  first  rupture  point. 

The  load  extension  behavior  is  similar  to  an  all-Dacron  yarn.  Between 
33%  and  44$  cotton  content,  the  load  elongation  behavior  becomes  twist 
sensitive.  At  low  twists,  0.54  and  1.1  'EM,  the  44$  cotton  content  yam 
carries  its  load  beyond  the  first  rupture  point.  At  twist  levels  of  2.2 
TM  through  4-4  TM,  the  yam  did  not  carry  its  load  beyond  its  first  rupture 
point.  In  this  respect,  the  blended  yam  at  the  higher  twist  levels  reacted 
as  a  100$  cotton  yam,  but  it  is  stronger  than  an  all-cotton  yam. 

* .  ’  •  < : Effect  of  Saaroa ■ Coro 

The  effects  of  Dacron  core  are  shown  in  Appendix  D,  (Fig.  12,  11$ 
cotton;  Fig.  13,  22$  cotton;  Fig.  14,  33$  cotton;  Fig.  15,  44$  cotton;  Fig. 
16,  56$  cotton;  Figv.17,  67$  cotton;  and  Fig.  18,  89$  cotton).  The  results 
of  placing  the  Dacron  in  the  center  of  the  yam  appear  to  be  inconclusive  for 
the  twist  levels  tested.  More  positive  information  is  obtained  from  the  ex¬ 
amination  of  critical  fiber  lengths.  A  study  of  the  effect  of  Dacron  core 
should  be  investigated  further,  covering  a  greater  range  of  twist  levels 
than  was  included  in  this  study. 

'  Tflffoct  'Ofr  .qpttttai  -Cere 

The  load  extension  curves  for  the  cotton-Dacron  blends  having  a  cotton 
core  are  shown  in  Appendix  D,  (Fig.  19,  11$  cotton;  Fig.  20,  22$  cotton; 

Fig.  21,  33$  cotton;  Fig.  22,  44$  cotton;  Fig.  23,  56$  cotton;  Fig.  24, 

67$  cotton;  and  Fig.  18,  89$  cotton).  The  results  shown  appear  to  be  in¬ 
clusive  for  the  twist  levels  tested.  As  above,  an  examination  of  the 
critical  fiber  length  provides  a  better  insight  on  the  effect  of  the 
Dacron  core  on  the  strength  of  the  blended  yam.  A  study  of  the  effect 
of  Dacron  core  on  the  strength  of  the  yarn  should  be  extended  to  cover  a 
greater  range  of  twist  than  those  covered  in  this  study. 

Average  Brok&n  Length  erf  Cottoh  Tamo 

The  data  in  this  section  are  shown  in  Appendix  D,  (Fig.  25  through 
90) .  The  results  found  in  this  portion  of  the  study  contain  many  points  of 
similarity  of  one  yam  blend  to  another;  therefore,  it  is  not  intended  in 
this  discussion  to  present  a  detailed  analysis  of  all  the  figures  shown— 
rather,  the  pertinent  findings  will  be  discussed  using  selected  figures  with 
references  made  to  the  other  yams  showing  similar  characteristics. 

The  data  presented  in  this  very  interesting  section  contain  the 
following : 

a.  The  load  elongation. 

b.  The  average  number  of  broken  lengths  of  cotton  yarns. 

c.  The  radial  locations  of  the  cotton  yams  in  an  idealized  yam 
cross  section. 
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d.  The  number  of  broken  pieces  and  the  location  of  the  breaks  in 

the  /am . 

An  explanation  of  the  methods  used  in  presenting  the  data  in  in  order. 
The  plot  of  the  load  elongation  curve  is  computed  to  include  yam  rupture. 

The  average  number  of  broken  cotton  pieces  are  shewn  as  vertical  lines 
superimposed  on  the  load  elongation  curve  at  the  extension  where  yarns 
were  tested.  Each  small  square  on  the  graph  represents  one  piece  of  cotton 
yarn.  Each  line  represents  an  average  of  two  determinations.  The  ideal¬ 
ized  cross  section  of  the  model  yam  is  added  as  an  insert  on  the  load 
elongation  chart,  'fhe  cross  section  contains  91  circles— each  circle  rep¬ 
resents  one  yam  in  the  model.  The  numbered  circles  represent  cotton 
yarns — the  blank  circles  represent  the  Dacron  yarns.  In  each  case,  the 
cotton  yarns  are  located  in  accordance  with  the  radial  position  in  the 
mcdel  yarn  testtd.  The  number  of  cotton  pieces,  their  lengths,  and  ap¬ 
proximate  location  of  the  breaks  are  included  as  separate  diagrams.  To 
show  the  progression  of  this  propagation  of  breaks  in  the  cotton  yarn 
(increasing  pressure),  one  diagram  was  included  for  each  level  of  exten¬ 
sion  tested.  The  diagrams  represent  the  91  yarns  used  to  spin  this  model.. 

The  yarns  are  arranged  in  accordance  with  number  of  yarns  in  each  concentric 
ring.  In  addition,  the  yams  are  numbered.  (The  yam  number  on  the 
diagram  coincides  with  the  number  of  the  cotton  yarns  shown  in  the  ideal¬ 
ized  cross  sections.)  The  diagrams  are  designated  as  the  a  &  b  part  of  the 
figure  number  given  to  the  accompanying  load  elongation  curve. 

To  simplify  the  following  discussion,  the  figure  number  given  will 
include  all  data  including  the  load  elongation  curve,  the  number  of  broken 
cot!  on  pieces,  the  radial  position  of  the  cotton  yarns,  and  the  cotton 
break  diagrams  for  different  extensions  - 

The  effect  of  twist  on  pressure  generated  in  an  extending  yam  can 
best  be  illustrated  with  the  1.1#  cotton-98. 9#  Dacron  blend.  Appendix  D, 
Figures  25  through  29,  inclusive. 

birice  this  blend  ratio  is  analogous  to  that  used  by  Machida,  direct 
comparison  may  be  made  with  his  theoretical  work.  The  relationship  between 
internal  yam  pressure  and  twist  in  a  yarn  being  extended  is  given  (Appendix 
A)  as: 

l’(r)  £  "  (I  -  _r2  ) 

(1  *  Ky)-’ 

This  equation  shows  that  the  pressure  is  directly  related  to  the 
initial  twist  squared,  L-ad,  and  the  fractional  component  of  the  radial 
position  of  the  yarn.  It  is  inversely  related  to  the  yarn  extension 
squared. 

An  examination  of  Figure  ,'y,  0.54  TM;  Figure  26,  1.1  TM;  Figure  27, 

2.2  TM;  Figure  28,  3-3  'IT!;  and  Figure  29,  4-4  ’I’M  (Appendix  D),  shows  a  rapid 
increase  in  the  number  of  broken  yarns  with  increasing  twist.  It  can  readily 
be  seen  that  as  the  twist  is  increased,  the  number  of  cotton,  pieces  increases 
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for  any  given  extension  in  the  5  curves.  Now,  for  any  given  gauge  length, 
the  increase  in  the  number  of  pieces  would  be  reflected  in  shorter  cotton 
yam  lengths.  The  Snorter  the  yam  segment,  the  greater  must  be  the  fric¬ 
tional  force  to  cause  the  cotton  component  in  the  blend  to  reach  its  rupture 
strength.  The  frictional  force  on  the  cotton  segment  can  only  be  developed 
by  pressure  on  the  cotton  yam.  The  greater  the  pressure,  the  greater  the 
frictional  force  between  yarn  elements;  therefore,  there  must  be  a  direct 
relationship  between  internal  yarn  pressure  and  the  number  of  cotton  pieces 
found  in  an  extended  blended  yarn ,  With  this  explanation  of  the  relation¬ 
ship  between  cotton  yarn  pieces  and  internal  pressure  in  an  extending  yam, 
it  may  be  assumed  that  good  agreement  is  found  between  the  test  results 
shown  in  Figures  25  through  29  (Appendix  D)  and  the  theoretical  expression 
given  above.  The  curves  show  a  continual  increase  in  pressure  as  the  yam  is 
extended,  reaching  a  peak  at  15  to  20$  extension;  i.e.,  the  number  of  broken 
cotton  pieces  reach  a  maximum  in  this  region.  Beyond  the  20%  extension,  the 
number  of  pieces  should  remain  constant.  This  was  not  the  case  in  this 
study.  The  results  were  erratic.  For  some  yams,  the  number  of  broken  pieces 
found  at  extensions  above  20$  increased;  for  other  yarns  it  decreased;  still 
other  yarns  showed  an  up  and  down  variation.  To  obtain  more  consistent 
values,  statistical  techniques  must  be  used,  it  should  be  pointed  out  that 
the  pressure  peak  found  between  15  and  20%  extension  is  lower  (20$  to  25$) 
than  that  found  by  Machida(26).  The  difference  may  be  due  to  a  difference 
in  the  radial  positions  of  the  yarn. 

The  load-extension  data  for  the  four  1.1$  cotton  98.9$  bacror  curves 
also  provide  an  insight  to  the  mechanism  for  fiber  to  fiber  load  transfer 
in  a  yam  undergoing  extension  to  break.  This  mechanism  may  be  divided  into 
three  phases  as  follows: 

a.  At  low  extension  and  up  to  the  first  rupture  point,  the  load 
carrying  capacity  is  shared  between  the  Dacron  and  cotton. 

1.  After  the  first  rupture  point,  the  cotton  component  continues 
to  contribute  to  yam  strength  by  the  combined  mechanism  of  frictional  re¬ 
sistance  and  by  breaking  up  into  successively  smaller  pieces.  This  mechanism 
is  operative  until  the  yam  reaches  15  to  20$  extension.  The  evidence  for 
this  is  the  increasing  number  of  broken  cotton  yarn  pieces  found  as  the 
yarn  is  extended  to  20$. 

c.  Above  20$  extension,  the  mechanism  is  one  of  frictional  re¬ 
sistance  encc  ijntered  by  the  still  extending  Dacron  yarn  as  it  slips  by  the 
cotton  segments.  The  evidence  for  this  is  the  relatively  small  difference 
in  the  number  of  <',-tton  pieces  found  in  3^arns  extended  beyond  20;'.  Another 
interesting  observation  is  the  extension  at  which  the  cotton  yarn  breaks 
for  each  twist  (Appendix  D,  Figure  .'5,  0.54  TM).  The  first  break  is  observed 
at  (>'%■  extension.  This  breaking  extension  is  close  to  that  of  the  cotton  yarn 
above  5.5$  indicating  low  internal  yarn  pressure,  in  Appendix  b.  Figure  Ft, 
1.1  TM  and  2.2  TM,  the  first  cotton  yarn  breaks  for  both  ycitTis  i -cc ,urvr#.*ci  3.!.  7  < 
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extension,  but  the  2.2  I'M  yarn  had  more  broken  pieces  indicating  a  higher 
internal  yarn  pressure  due  to  greater  twist. 

In  the  3-3  TM  yarn.  Figure  28,  Appendix.  D,  the  first  break  was  found  at 
8%  extension  while  in  the  4.4  TM  yarn  the  first  break  was  found  at  the  11# 
extension.  In  the  latter  yam,  the  initial  breaks  consisted  of  6  to  8  yam 
pieces  indicating  a  high  pressure  in  the  yarns  even  at  these  low  extensions. 
The  increase  in  the  initial  breaking  extension  with  an  increased  twist  level 
is  probably  due  to  the  increased  length  of  the  helical  path  of  the  yam  with 
increasing  twist. 

The  number  of  broken  yarn  pieces  in  a  given  gauge  length  is  the 
reciprocal  of  the  average  broken  length  of  cotton.  The  correlation  between 
the  theoretical  and  experimental  broken  lengths  was  previously  shown  in 
Figure  5.  It  was  the  good  agreement  found  which  provided  the  encouragement 
to  expand  the  study  to  cover  other  cotton-Dacron  blend  ratios. 

The  mechanisms  for  fiber  to  fiber  load  transfer  discussed  above  appear 
to  be  operative  for  cotton-Dacron  blends  up  to  and  including  33$  cotton. 

The  effect  of  radial  position  of  the  yam  with  the  number  of  broken 
pieces  is  best  illustrated  with  the  2.2$  cotton,  97.8$  Dacron  blend, 

Appendix  D,  Figure  3 0  through  Figure  36,  inclusive.  An  examination  of  the 
load  elongation  curves  shows  an  increase  in  the  number  of  pieces  as  the 
extension  increases.  The  number  of  broken  pieces  increases  more  rapidly 
at  extensions  up  to  15  to  20$  than  at  extensions  greater  than  20$.  This 
is  consistent  with  the  results  found  for  the  1.1$  cotton,  98.9$  Dacron  blend. 
In  all  but  two  yarns,  the  number  of  broken  pieces  is  greater  for  the  yarn 
closer  to  the  center.  The  two  exceptions  are  the  0. 54  TM  yarn  and  the  2.2 
TM  yam,  Figures  30  and  36,  Appendix  D.  The  0.54  TM  yam  showed  slightly 
more  breaks  in  the  outer  yam.  The  difference  in  the  number  ol1  breaks  is 
small  (5  for  the  inner  yam  and  ?  lbr  the  outer  yarn).  There  are  two  pos¬ 
sible  explanations  for  this .  One  is  that  the  level  of  twis+  is  too  low  to 
build  up  much  pressure  in  the  yam,  thereby  reducing  the  fr?  tional  force 
and  permitting  slippage  between  the  cotton  and  Dacron  yams.  In  the  second 
yarn,  2,2  TM,  Figure  36,  both  yarns  are  in  the  outside  ring .  The  difference 
in  the  number  of  yam  pieces  is  greater  and  the  only  possible  explanation 
is  that  of  yam  migration. 

The  mechani  sms  of  fiber- ^o-fiber  load  transfer  are  operative  fur  cotton- 
Dacron  blend  ratios  of  11#  cotton,  89#  Dacron;  22#  cotton,  78#  Dacron;  and 
33$  cotton,  6?$  Dacron;  Figures  37  through  57,  Appendix  D.  of  these  yarns. 
Figures  37,  50,  arid  51,  represent  cotton  core  yarns;  'igures  43,  44,  and  57, 
represent  Dacron  core  yarns;  the  cotton  in  this  remaining  yarn  is  distributed 
in  accordance  with  the  idealized  cross  sect. ion  shown  or.  the  graph.  The  three 
cores  will  be  discussed  separately.  Figures  rjQ  through  42,  Appendix  I),  show 
the  results  for  the  11#  cotton,  89#  Dacron  blend:  Figures 45  through  49  show 
the  results  for  22$  cotton,  887.  Dacron  blend;  and  Figures  52  through  54  3h,iw 


the  results  for  33#  cotton,  77%  Dacron  blend.  The  vertical  lines  on  the 
load  elongation  chart  represent  the  average  number  of  breaks  for  all  the 
cotton  yams  in  the  model.  The  number  above  the  vertical  lines  indicates 
the  number  of  cotton  yams  broken  for  the  indicated  extension.  The  three 
blends  have  many  features  in  common;  for  example,  the  yarn  break  diagrams 
attached  to  the  load  elongation  curves  show  that  the  cotton  yams  sustaining 
the  higher  number  of  breaks  are  closest  to  the  center  of  the  yarn.  Also, 
the  diagrams  show  that  the  breaks  start  at  the  center  of  the  yarn  and 
propagate  outward.  All  blends  show  an  increasing  number  of  cotton  yarn 
breaks  with  increasing  twist. 

The  specific  differences  among  the  curves  reflect  the  increasing  amount 
of  cotton  in  the  blend.  The  greatest  difference  is  shown  in  the  0.54  TM 
curves.  Figure  38,  11#  cotton;  Figure  45,  22%  cotton;  and  Figure  52,  33% 
cotton.  An  examination  of  these  curves  shows  a  dip  right  after  the  first 
rupture  elongation.  This  reflects  the  rupture  of  the  cotton  yarns,  and  a 
low  frictional  force  which  allows  slippage  between  the  yarns.  Figure  52, 

33%  cotton,  shows  an  interesting  phenomenon  which  possibly  best  illustrates 
the  two  mechanisms  of  fiber  to  fiber  load  transfer  which  are  operative  in 
an  extending  yarn.  This  curve  shows  two  peaks,  one  at  the  first  rupture 
point  (8.3%  extension)  and  the  second  at  11#  extension.  It  is  suggested 
that  after  the  first  rupture  elongation  the  yarn  started  to  recover  its 
strength  by  the  mechanism  of  fiber  breakage  as  well  as  frictional  resistance. 
The  additional  18  fibers  broken  at  the  second  peak,  the  30  yarns  broken  at 
12-1/2#  extension,  and  the  increase  in  the  number  of  pieces  at  12-1/2#  ex¬ 
tension  all  indicate  this.  Beyond  12-1/2#  extension,  the  average  number  of 
broken  pieces  remained  constant  indicating  that  the  cotton  contributed  to 
the  strength  of  the  yam  by  providing  frictional  resistance  only-. 

Except  for  the  effect  of  the  dip  in  the  curves  after  the  first  break 
for  the  three  blends,  and  the  lower  strength  as  the  cotton  content  increases, 
the  three  blends  react  in  the  same  manner  to  increasing  twist.  As  twist  is 
increased  the  shape  of  the- curve  at  the  first  break  rounds  off.  The  reason 
for  this  can  be  seen  by  examining  Figures  38  and  42,  0.54  TM  and  4.4  TM, 

11#  cotton,  89#  Dacron  blend  (Appendix  D).  At  the  low  twist,  all  ten  cotton 
yams  break  within  a  change  of  1/2#  extension,  with  the  higher  twist  the 
cotton  yam,  breaks  are  not -as  abrupt  but  extend  over  a  3#  change  in  extension. 

Dacron  Core  Yarns 


Figures  40  and  13,  Appendix  D,  11#  cotton  content  at  the  2.18  TM  level, 
illustrate  the  general  behavior  of  a  Dacron  core  yarn  with  that  of  a  yam 
with  the  cotton  distributed  in  the  cross  section.  As  shown  previously, 
there  is  little  difference  in  the  breaking  lead  or  extension.  However, 
fewer  cotton  pieces  were  found  at  each  breaking  extension  for  the  Dacron 
core  yarn  in  Figure  43  than  for  the  yam  with  the  cotton  distributed.  This 
finding  suggests  that  in  a  Dacron  core  yarn  the  cotton  component  is  not 


being  utilized  to  its  maximum  potential  in  contributing  to  the  strength  of 
the  blended  yam  and,  theoretically,  this  could  lead  tc  a.  lower  efficiency 
with  respect  to  yam  strength  than  with  the  same  amount  of  cotton  distributed 
in  the  cross  section. 

The  same  general  observations  may  be  made  for  the  22$  and  33$  cotton 
content,  Dacron  core  yarns,  except  for  the  33$  Dacron  core  yarn.  Figure  57, 
Appendix  D.  The  cotton  shell  was  lost  at  the  15$  extension  level,  and  the 
cotton  ceased  to  contribute  to  the  yam  strength.  It  would  prove  interesting 
to  investigate  the  effect  of  Dacron  core  yarns  at  different  twist  levels  than 
the  2.18  TM  used  here. 

Cotton  Core  . Yarns 

The  12%  cotton  content  yams  are  shewn  in  Figure  37,  cotton  core,  and 
Figure  41,  cotton  distributed.  The  cotton  core  yam  at  this  level  of  twist 
appears  to  be  slightly  stronger  and  more  extensible  than  the  yam  where  the 
cotton  is  distributed  in  its  cross  section.  This  increase  in  strength  is 
accompanied  by  a  greater  number  of  cotton  pieces  found  in  the  cotton  core 
yarn.  The  greater  number  of  cotton  pieces  found  for  the  cotton  core  yam  is 
consistent  with  the  relative  positions  of  the  cotton  yams  in  the  two  models. 
Figure  37,  cotton  core,  shows  the  cotton  yams  near  the  center  of  the  yarn 
(the  area  of  highest  pressure),  while  Figure  41,  cotton  distributed,  shows 
the  yams  scattered  throughout  with  only  3  of  the  cotton  yarns  in  the  rela¬ 
tive  position  of  the  cotton  core.  It  must  be  concluded  that  for  this  blend 
level  and  twist  placing  the  cotton  in  the  core  of  the  yam  improves  its 
strength.  However,  it  will  be  necessary  to  conduct  additional  studies  at 
other  twist  levels  to  determine  the  general  application  of  the  results 
obtained  above. 

The  results  obtained  with  cotton  core  yams  with  more  cotton  (22^ 
and  33$  cotton)  are  not  as  conclusive ;  however,  these  blends  were  spun  at 
a  lower  twist  level  (1.09  TM)  and  presumably  more  slippage  occurred  between 
the  cotton  and  Dacron  yams.  This  is  indicated  by  the  greater  extensions 
shown  in  Figure  50,  22 %  cotton  content,  and  Figure  51,  33$  cotton  content, 
when  compared  with  the  curves  for  the  distributed  cotton  yarns  (Fig.  46, 

22$  cotton  content,  and  Fig.  53,  33$  cotton  content.  Appendix  D).  In  both 
cases,  fewer  cotton  pieces  were  found  for  the  cored  yarns  than  for  the  case 
where  the  cotton  was  distributed  in  the  cross  section.  This  should  indicate 
a  higher  strength  for  the  yams  with  cotton  distributed.  This  was  indeed 
the  case  for  the  22$  cotton  blend  (Fig.  50),  cotton  core,  and  Figure  53, 
cotton  distributed,  but  did  not  hold  for  the  33$  blend  (Fig.  51),  cotton 
core,  and  Figure  53,  cotton  distributed.  One  possible  reason  for  this  may 
be  obtained  by  examining  the  curve  for  the  curve  yam,  Figure  51.  This 
curve  shows  a  real  slipstick  phenomenon.  It  has  six  peaks.  The  evidence 
of  slippage  here  is  the  slow  rise  in  the  average  number  of  breaks  and  the 
ragged  peaks.  The  pattern  of  breaks  is  also  different.  With  the  cored 
yams,  the  breaks  appeared  to  be  in  bundles  of  20  or  30  yams  breaking  to 
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equal  length.  When  the  bundles  were  separated,  some  yarns  inside  the  bundle 
showed  additional  breaks.  In  view  of  the  results  obtained  with  the  11$ 
cotton  blend  at  the  higher  twist  level,  one  hesitates  to  draw  any  conclusions 
from  the  results  shown  above  without  first  testing  the  22$  and  33$  core  yarns 
at  higher  twist  levels. 

The  44$  cotton,  36%  Dacron,  blend  represents  a  transition  blend  from 
cotton-Dacron  blends  which  retain  their  strength  after  the  first  break  to  the 
blends  that  rupture  at  the  first  break.  The  data  on  the  44$  blends  are 
shown  in  Appendix  D,  Figures  58  through  64<  Figure  58  should  be  a  Dacron 
core  yam.  An  examination  of  the  cross  sectional  diagram  shows  that  except 
for  seven  Dacron  yams  in  the  center,  the  core  effect  was  not  achieved. 
Nonetheless,  when  this  yam  is  compared  with  Figure  61,  44$  cotton,  36% 
Dacron,  2.17  TM,  the  seven  Dacron  yarn  cores  appeared  to  be  effective.  The 
core  yam  started  to  lose  the  effect  of  cotton  on  its  strength  at  an  ex¬ 
tension  just  beyond  10$.  The  yam  then  started  to  r#coYsrid,ts  strength 
when  more  cotton  yarns  broke  and  at  11$  extension  the  cotton  ceased  to 
contribute  to  the  yam  strength.  This  is  shown  by  the  number  of  cotton 
pieces  found  at  extensions  above  11$  which  remained  constant.  The  44$ 
cotton  distributed  yam  did  not  carry  through  the  first  rupture  point.  The 
mechanism  of  yarn  rupture  here  was  previously  discussed — it  is  due  to  the 
rapid  elongation  of  the  Dacrcn  after  the  cotton  yams  rupture.  The  same 
comparison  and  comments  can  be  made  for  56$  and  67$  cotton  content  yams, 
as  shown  in  Figures  68  and  71,  and  Figures  72  and  75,  Appendix  D,  respec¬ 
tively. 

The  44$  cotton  content  yams  at  low  twist,  0.54  TM  and  1.09  TM,  carry 
their  strength  through  the  first  rupture  point.  Figure  59,  0.54  TM,  and 
Figure  60,  1.09  TM,  Appendix  D,  illustrate  this.  The  curves  also  indicate 
that  there  is  a  good  deal  of  slippage  among  the  fibers  as  they  are  being 
extended.  This  is  shown  by  the  ragged  shape  of  the  load  elongation  cu*ve 
and  the  low  average  number  of  pieces  found  in  the  yams. 

Figure  62,  3*26  TM,  and  Figure  63,  4-35  TM,  Appendix  D,  represent  44$ 
cotton  distributed  yarns  which  did  not  carry  their  load  beyond  the  first 
rupture  point. 

Figure  64,  44$  cotton,  56$  Dacron,  1.01  TM,  Appendix  D,  was  intended 
for  a  core  yam.  Except  for  13  cotton  yams  which  are  in  the  center,  the 
rest  are  distributed.  Interestingly  enough,  the  cotton  yams  are  clustered 
and  the  effect  shown  by  the  curve  must  be  a  combination  cotton  core  yarn 
and  clustering  effect.  It  can  be  seen  that  by  comparison  with  Figure  60, 

44$  cotton  distributed,  the  44$  cotton  distributed  yam  does  carry  its  load 
more  efficiently  over  greater  extensions  than  in  the  cotton  core  cajte. 
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One  method  by  which  a  blended  yarn  loses  strength  efficiency  is  by 
low  frictional  resistance  among  the  fibers.  The  effect  of  low  frictional 
resistance  among  yarns  in  the  model  is  clear.'.y  shown  in  the  high  cotton 
content  yarns  wnere  there  are  too  few  cotton  to  Dacron  contacts  because  of 
the  low  amount  of  Dacron  present.  In  this  situation,  when  the  cotton  fibers 
reach  their  first  rupture  point,  they  quickly  cease  to  contribute  to  yarn 
strength.  The  Dacron  continues  to  extend.  The  phenomenon  of  fibers  break¬ 
ing  at  different  extension  reduces  the  overall  load  the  yarn  will  sustain. 

Typical  examples  of  this  phenomenon  are  shown  in  Figure  65,  5 6$  cotton, 

44$  Dacron,  1.08  IN;  Figure  66,  5 6$  cotton,  44$  Dacron,  0.54  TM;  Figure  67, 

56$  cotton,  44$  Dacron,  1.09  TM;  Figure  73 ,  67$  cotton,  33$  Dacron,  0.5*+  TM; 
and  Figure  74,  67‘c  cotton,  33$  Dacron,  1.08  TM,  Appendix  D  (all  yarns  with 
low  twist).  These  blends  with  higher  twist  (2.17  TM,  3*38  TM,  and  4.35  TM) 
do  not  carry  their  load  beyond  the  first  rupture  point. 

At  the  blend  level  of  89$  and  100$  cotton,  the  yarns  of  interest  are 
those  of  low  twist.  In  testing  the  yarns,  the  individual  strands  broke 
at  their  weakest  point.  The  yarns  remained  intact,  but  they  would  sustain 
no  loads/extensions.  The  yarns  which  exhibited  this  phenomenon  are  found 
on  Figure  79>  8 9$  cotton,  11$  Dacron,  0.54  TM;  Figure  80,  89$  cotton  content, 

11$  Dacron,  1.07  TM;  and  Figure  86,  100$  cotton,  0.54  TM. 

In  examining  the  curves  showing  the  number  of  broken  pieces  found  in 
the  yarns,  one  observes  that  the  average  number  of  broken  pieces  found 
decreased  as  the  cotton  content  of  the  yarn  increased.  The  average  number 
of  broken  pieces  found  in  the  yarns  as  a  function  of  blend  ratio  and  twist 
level  is  shown  in  Figure  18.  The  data  appear  to  be  somewhat  erratic,  but 
it  is  clear  that  the  cotton  in  blends  ever  33$  do  not  share  the  load  beyond 
the  first  break.  This  is  indicated  by  the  number  of  cotton  pieces  found  in 
blends  over  44$  which  vary  from  1-2  at  40  and  50$  blend  and  just  one  piece. 

It  is  also  of  interest  to  plot  the  average  yarn  length  for  each  yarn  ring 
as  a  function  of  blend.  A  plot  of  this  type  was  made  for  one  twist  (2.2 
TM  and  20$  extension).  This  is  shown  as  Figure  19.  It  is  clear  from 
Figure  19  that  the  critical  length  for  2.2  TM  for  cotton-Dacron  blends  over 
33$  is  over  100  mm.  This  is  expected  because  of  the  number  of  broken  pieces 
shown  in  Figure  18.  One  can  see  from  Figure  19  that  the  pressure  difference 
among  the  first  3  rings  is  small.  A  drop  in  fiber  length  (increase  pressure) 
was  not  expected,  so  no  connection  was  made  between  these  points.  The  in¬ 
creased  length  shown  by  the  outer  rings  indicates  that  the  pressure  drops 
rapidly  as  it  approaches  the  outer  ring.  It  is  expected  that  increasing  ex¬ 
tension  will  cause  the  pressure  to  build  up  rapidly  and  the  gap  between  the 
lines  for  all  rings  will  be  narrowed.  This  is  shown  to  be  so  by  the  break 
diagrams  attached  to  the  fiber  load  extension  curves.  The  large  number  of 
breaks  found  in  the  cotton  yarn  in  the  outer  rings  show  that  they  were  subjected 
to  some  pressure.  It  is  understood  that  pressure  in  the  outer  ring  is  untenable. 
Some  of  the  pressure  may  have  resulted  from  yarn  migration.  However,  it  must 
be  remembered  that  the  yarn  element  in  question  fully  occupies  the  outer  20$  of  the 
yarn  radius. 
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Conclusions 


As  a  result  of  this  experimental  study  on  the  load  elongation  behavior 
of  cotton-Dacron  blends,  the  following  may  be  concluded: 

The  blend  ratio  of  cotton-Dacron  must  not  exceed  33$  cotton 
content  if  full  advantage  is  to  be  taken  of  continued  strength  after  the 
first  breaking  point  of  the  yarn. 

Blends  of  33  to  44$  cotton  content  appear  to  be  twist  sensitive  at 
low  twi3ts,  0.54  TM  and  1.1  TM.  The  cotton  continues  to  contribute  to  the 
strength  of  the  yam  past  the  first  rupture  point.  At  higher  levels  of 
twist  2.2,  3-3  and  4-4  TM  the  yam  breaks  at  the  first  rupture  point. 

At  blend  levels  above  44$  through  100$  cotton  the  yams  break  at  the 
first  rupture  point. 

The  results  obtained  on  the  Dacron  and  cotton  core  yams  are  incon¬ 
clusive  because  of  the  limited  number  of  twist  levels  tested  for  each 
blend  level. 

Good  agreement  was  reached  between  the  experimental  results  found  here 
and  Machida’ 3  theoretical  studies. 

The  mechanism  of  the  cotton  fiber's  contribution  to  yam  strength  is 
fairly  well  defined  for  the  cotton  distributed  case.  Additional  studies 
must  be  made  to  fully  understand  the  effect  of  cotton  and  Dacron  core  and 
the  strength  of  the  blended  yam. 

Suggestions  for  Additional  Work 

The  differences  between  actual  staple  yam  and  model  yams  should  be 
studied.  The  work  should  be  directed  toward  establishing  a  correlation 
between  Machida's  theoretical  work  and  this  experimental  work  with  actual 
staple  yams . 

Further  studies  should  be  made  in  establishing  the  effect  of  cotton  or 
Dacron  core  yams  on  the  strength  efficiency  of  the  yarn. 

Experimental  work  should  be  directed  toward  a  development  of  a  technique 
for  measuring  yam  pressure.  A  suggested  procedure  would  be  to  compare  the 
difference  in  diameter  of  a  compressible  cotton  yarn. 

To  develop  a  technique  for  measuring  the  coefficient  of  friction  between 
fiber  elements  in  a  yam,  one  procedure  suggests  itself  for  the  measurement 
of  the  coefficient  of  friction  between  yarns  in  a  model  such  as  those  used 
in  this  study.  The  close  agreement  found  between  this  experimental  work 
and  Machida's  average  yam  length  suggests  the  use  of  his  equation  for  the 
theoretical  number  of  broken  yam  elements.  This  equation  is: 
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ail  the  terms  on  the  right  hand  side  of  the  equation  are  measurable. 
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Machida,  Ka/ut>  Mechanics  of  Kupturr 

in  Blended  Yarns.  Master's  Thesis  MIT 


A .  Assumptions 

There  are  several  papers  which  have  studied  the  pressure 
in  the  yarn  and  roving  s tructures  .  ^  (n) 

Each  paper  starts  with  different  assumptions  and  comes 
to  different  results. 

In  our  case  assumptions  are  made  as  follows: 

1.  Fiber  diameter  is  small  compared  with  cotton  yarn 
diameter.  (There  are  enough  Dacron  contacts  points 
around  the  cotton  yam.) 

2.  Whole  yarn  structure  is  large  compared  with  cotton 
yam.  (So  that  the  effect  of  a  single  cotton 
yam  in  the  structure  is  negligible.) 

3.  unitorm  cylindrical  structure  (Uniform  along  its 
length  and  circular  in  its  cross  section.) 

4.  All  fibers  form  concentric  helices  (No  migration 
of  cotton  yam  takes  p?,ace.) 

5.  utrass-strain  relationship  of  fiber  is  expressed  by 

A.  0  -  E  F 

B.  <r  -  a  +  b  c 


1 


Sri 


Symbols  used 

0"  stress  of  fiber 

£  strain  of  fiber 

£  Young's  modulus  of  a  fiber 

5  tensile  load  on  model  yam  structure 

£r  yam  elongation 

t  twist  per  cm.  at  elongation,  £y 

t^  twist  per  cm.  at  saro  strain 

6  twist  angle  of  a  fiber  at  radius  r. 

r  radial  position  of  fitv.' 

R  model  yam  radius 

P  pressure  inside  the  model  yam  at  radius  r 

Pc  pressure  at  the  center  of  the  model  yam 

f  m  — L_  radius  of  curvature  of  the  fiber  at  radius  r 
*»«©■ 

$  packing  factor 

yi  coefficiant  of  friction  between  constituent  fibers 
(Dacron  &  Cotton) 

f  normal  force  acting  on  tha  cotton  yam  per  unit  Length 

D  cotton  yam  diameter 

rupture  strength  of  cotton  yam 

T  tensile  force  acting  on  the  cotton  yam  in  the  structure 

L  initial  cotton  yam  length  in  the  structure 

!£  critical  broken  length  of  cotton  yam*  i,e.t  the  length 
below  which  cotton  yam  will  r.ot  be  broken. 
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n  number  of  break*  of  cotton  yarn  in  the  structure 
1  broken  length  of  cotton  yam 
1  average  broken  length  of  cotton  yarn 


B .  Pressure  in  lwlated  Structure 
Fundamental  Equations 

Let  P(r)  be  a  pressure  inside  yarn  at  radius  of  r,  and 
consider  a  small  section  ABCD  in  the  yam  cross  section 
in  Fig.  12. 

We  obtain  a  force  balance  equation 


P(r*4f  J(r+ctr)d.f  t  dF  — 

where  d  Y 
dF 


Figure  12 


P(f)  rdf  -t-  2  p(v+  Of)  A**.  4^-  C 1 ) 

is  a  small  angle  of  L  AOB 

is  a  force  per  unit  length 
within  a  section  ABCD,  working 
towards  the  center  of  yarn 
due  to  tension  and  twist  of 
fibers  in  that  section 


By  geometry  of  twisted  yarn  structure,  (Appendix) 

-C  ^  s  .  .  i  o-  ±A 


dF  - 


—  -  = 
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where 


_r__ 

u*.1  &■ 


dA  *  ere  of  section  ABCD 

&  ■  twist  engle  at  radius  r 


We  assume 

then, 

Thus 


fi~  «-  £  c 

(r  ~  E  £; 

dF  «=  E  £y  Cw*6-  tLt 


Substituting  this  into  equation  (1),  we  obtain 


P  (r+dtXr+ir)  +  E  £y  Cm1*  AW*  &  dr  dV 
=  PCOT  dt  *r  2P(y*^) 

Considering 

P(r+d r)  «  ?(r)  -t  -g£  da- 

Q  slg. 

And  neglecting  higher  order  of  derivative  terms,  we  finally 
obtain, 

9P  E  s,  /U6- 

3f  y 


E  €r  4V?t*  V* 
[  ?  1- 


---  (2) 
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Maximum  Pressure 


) 


+  1 4-4n^t*  Pa 

“  ^  l  4^  t2  (*>-*')  -  16  tC*!*  - -3 
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A. 


Relation  to  Yarn  Load 

The  load  of  twisted  filament  yarn  is  given  in  terms  of 
t,  R,  E,  and  <iy  as  follows  (Appendix) 
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Comparing  with  equation  (4),  we  obtain  a  simple 
relationship  between  pressure  at  center  Pc>  and  yam  load 
and  tvis t , 


16) 


2  Tt  t2S 


Consideration  to  Yarn  Packing  Factor 

Whan  w*  use  aquation  (6)  to  calculate  /am  pressure.  S  and 
t  era  measured  values  and  no  consideration  for  packing  factor 
ie  necessary. 

But  if  we  use  equation®  (3)  (4)  (5)  to  calculate  pressure, 
we  have  to  consider  packing  factor.  It  is  defined  as 


„  i>TAa 


tck* 


4-r2 


where  N  is  nutaber  of  fibers  in  a  cross  section 
R  is  radius  of  yam 
c  is  die  mater  of  fibers 
Thus  equations  (3)  {4)  (5)  become 

P«>  -  ^  ♦  ( ^^77  -  — 

Pc  -  -E*-  *1  I  - 


»+4V-t* 

-  - ! - ] 

1  *  vrt't*  J 
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t»«*  ^ 


(3) 

(4) ' 
(5  ' 


In  Case  of  Fiber  S-S  Curve _ ^  r  b  £ 

For  the  most  fibers  <T-  a  +  b  £  is  more 
general  expression  of  S-S  curves  up  to  rupture  points. 
In  this  case,  equation  (2)  becomes 
^  P  \  r 

ITT  ~  ”  -j~t  a  W'S  r  tgv  C/»'6 ) 


f>4 


V 


Solving  this,  we  obtain 


R  =  4- +.!£(,  -lT^p) 

Considering  S  is  expressed  by  (Appendix) 

s  =  xr(^ino+4^)+4^p(,-T^,) 

Pc  is  again  simplified  to  the  same  equation  (6) 

Pc  =  2  tct5  s  (€  y 

Effect  of  Yarn  Elongation  to  Pressure 
This  discussion  is  based  on  the  assumption  that  the 
strain  level  of  a  twisted  yam  is  so  small  that  we  can 
neglect  the  change  of  twist  due  to  yam  elongation.  In 
the  calculation  of  load  or  breaking  strength  of  yarn  this 
effect  is  negligible  up  to  rupture  point. 

But  since  the  pressure  is  influenced  by  the  factor  of 

2 

t  as  seen  in  equation  (6),  we  have  to  take  this  factor 
Into  account.  Assuue  the  load  elongation  curve  of  yarn 
is  expressed  by 

S  -  A  +  B  £y 

and  twist  at  yam  elongation  of  i*  given  as 


<;c 


then 
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Dif ferenclating  this  with  Zy  ,  we  obtain  the  strain  which 
gives  maximum  pressure  st  the  center  of  yarn. 
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Figure  13  and  Figure  14  illustrate  one  example  of  pressure 
calculation.  Five  different  load -elongation  curves  are 
shown  in  Figure  13,  all  of  them  having  the  same  rupture 
point  of  load  SQ  and  elongation  25%.  Pressure  at  the  center 
of  yam  for  each  load-elongation  curve  is  shown  in  Figure  14. 


C .  Stress  Distribution  in  Cotton  Yarn  and  Theoretical 
Broken  Length 

Stress  and  strain  of  cotton  yam  in  this  blended  system 
i*  explained  in  a  simplified  model  shown  in  Figure  15. 

Cotton  yam  is  surrounded  by  Dacron  fibers  under  normal 
pressure  of  P  and  then  Dacron  fibers  are  extended  to  strain 
level  of  Ey  by  pulling  both  ends. 
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Figure  14 
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Figure  15 


Preggurs  and  elongation  of  the  Dacron  fibers  cause 
frictional  forces  to  elongate  cotton  yam  and  as  a  result, 
a  tensile  force,  T,  in  the  cotton  yam  is  built  up  from  both 
ends  of  cotton  yam  with  a  slope  of  ft.  f  to  the  center 
portion  of  the  yam  until  the  force  reaches  to  the 
magnitude  where  cotton  yam  is  elongated  to  the  same 
level  of  Dacron  fibers.  Here  ft-  is  the  coefficient  of 
friction  between  the  cotton  and  Dacron  fibers,  f  is  the 
normal  force  working  on  cotton  yarn  pei  unit  length.  Thus 
the  center  portion  of  cotton  yam  (BC  in  Figure  16a)  remains 
in  the  same  tensile  force  and  if  we  assume  linear  stress- 
strain  relation  in  cotton  yam,  tensile  force  in  BC  region  is 

T  “  A  £a 

where  A  la  cross  sectional  area  of  cotton  yam 
E4 is  modulus  of  the  cotton  yarn 
As  Dacron  fibers  are  elongated  goes  up,  consequently  T 
also  goes  up  and  finally  when  T  exceeds  rupture  strength 
of  cotton  yarn  T^,  then  cotton  yam  breaks.  After  the 
cotton  yarn  is  broken,  the  tensile  force  at  the  point  of 
rupture  falls  to  aero  and  the  broken  portions  behave  as 
two  short  fibers . (Figure  16-b) 

On  the  other  hand  the  Dacron  fibers  still  continue 
being  elongated.  The  pressure  F  is  a  function  of  elongation 


of  Dacron  fibers,  therefore  pressure  is  going  up  regardless 
of  cotton  yam  breakage.  Thus  the  tensile  forces  in  two 
broken  yams  go  up  again  due  to  the  increase  of  p.  -f  ,  and 
when  we  get  enough  pressure  to  build  up  tensile  force  to 
a  new  rupture  strength  on  these  short  segments,  they  are 
broken  again.  The  yarn  length  X5  +  SB  in  Figure  16-a  at  the 
time  tensile  force  reaches  rupture  strength  is  called  the 
critical  length,  since  at  this  condition  no  cotton  yam 
shorter  than  this  length  will  be  broken. 

By  definition 

Tw  -  i  -y 

Assuming  liquid  pressure  around  cotton  yam 


f  =  It  D  P 


Hence 


0  _  2  Tb.  -  . 

5C  jtD  P 

Theoretical  broken  lengths  are  distributed  between  1^ 
lc/2,  because  yam  breaks  can  happen  at  any  point  within  a 
length  of  (1  -  lc)  and  broken  lengths  will  be  statistically 
distributed.  If  we  consider  the  yarn  length  just  less  than 


1^,  it  will  not  be  broken  and  will  be  maximum  segments 
length,  and  yam  length  just  over  1  will  be  broken  into 
two  1^/2  lengths  and  these  will  be  minimum  segments  lengths  . 
Thus  we  may  expect  an  average  broken  length  of  3/4  1 . 
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If  cotton  yam  la  placed  at  tha  canter  of  blended  yam,  P 
la  given  in  equation  (6) ,  t'uen 
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*  4  V  tj  p.  D£ 

Nuaber  of  breaka  within  a  gage  length  of  L  la 


L_  _  4.V1S  )i  D  S  l 

T  3  TbCl+lyf 
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If  cotton  yam  la  placed  at  the  poaition  of  radlua  r. 
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APPENDIX  B 


Dyeing  Procedure  and  Dye  Formulation 

The  cotton  yarns  were  dyed  with  direct  cotton  dyes.  The  dyestuff 
used  and  their  roldr  index  numbers  are  as  follows: 

Cl  No .  Cl  Name  Dyestuff  Manufacturer 

Cupraphenyi  Rubine  RL  Geigy 

Cupraphenyl  Yellow  3  GL  " 

Cupraphenyi  Green  2BL  " 

Cupraphenyl  Blue  2GLL  " 


35780 

Direct 

Red  SO 

Pyrazol 

Fast  Red  7BSW 

Sandoz 

Direct 

Yellow  105 

Pyrazol 

Fast  Orange  LUF 

" 

Direct 

Yellow  106 

Lumicrease  Yellow  3  LG 

>1 

34045 

Direct 

Green  26 

Pyrazol 

Fast  green  BL 

If 

29125 

Direct 

Violet  48 

Pvrazol 

Fast  Violet  5BL 

II 

The  cotton  yarns  we*c  scoured  by  boiling  for  two  hours  in  a  2% 
caustic  soda  solution.  After  scouring  the  yarns  were  dyed,  using  the 
following  procedure. 

The  skeins  are  entered  in  the  dye  bath  at  120'T.  The  dyebath 
was  brought  to  a  boil,  in  20  minutes.  Salt  was  added  to  the  boiling 
bath  to  exhaust  the  dye.  After  boiling  for  20  minutes  the  dyebath 
was  allowed  to  cool  to  160°F.  The  dyed  cotton  skein  was  then  rinsed 
and  allowed  to  air  dry. 

The  following  dye  formulations  were  used: 


Color 

Percent 

Dye  Formulation 

1-2 

0.5 

Cupraphenyl  Rubine  KL 

1-3 

0.5 

Cupraphenyl  Rubine  Cl. 

0.625 

Cuprapher.y  1  YelD'w  3'i 

i-4 

u.  5 

'Cupraphenyl  Creen  <;: d 

1  •  ■  v\  ♦ 


Color 

Percent 

Oye  Formulation 

I  -6 

0.5 

Cupraphenyl  Blue  POLL 

1-7R 

2.0 

Pyrazol  Fast  Red  7B0W 

0.25 

Pyrazol  Fast  Blue  2GLN 

1-8 

3.0 

Pyrazol  Fast  Green  2BL 

1-9 

1.0 

Pyrazol  Fast,  Green  ?BL 

1-10 

3.0 

Pyrazol  Fast  Red  7BSW 

1-11 

2.0 

Pyrazol  Fast  Violet  5BL 

1-12 

3.0 

Pyrazol  Fas-  Violet  5BL 

2-2 

1.0 

Cupraphenyl  Rubine  RL 

2-3 

1 .0 

Cupraphenyl  Rubine  RL 

1.2 

Cupraphenyl  Yellow  3GL 

2-L 

1.0 

Cupraphenyl  Green  ?BL 

2-5 

2.0 

Cupraphenyl  Yillow  3GL 

2-6 

1.0 

Cupraphenyl  Blue  2GLL 

2-8 

0.5 

Pyrazol  Fas*  Rea  7BSW 

2-9 

0.5 

Pyrazol  Fast  Green  BL 

2-10 

1.0 

Pyrazol  Fast  Red  7BSW 

2-11 

1.0 

Pyrazol  Fast  Violet  5BL 

2-12 

3.0 

Pyrazol  Fast  Orange  LUF 

1-13 

1.0 

Pyrazol  Fast  Orange  LUF 

1 -1I4 

1.0 

Cupraphenyl  Yellow  3GL 

1  -15 

3.0 

Lumi  crease  Yellow  3LC 

1 -16R 

1  .0 

T.umi  ■■reas''-  Y 1 1  < >  -  JLG 

0.25 

Pyrazol  Fast  Ore*"  pi, 

0.5 

i? 

Pyrazol  Fast  i.r8r;),u  yip- 

fL 


Color 

Percent 

1-18R 

1.0 

0.13 

0.5 

1-19R 

1.3 

0.125 

0.5 

1-20 

0.25 

1.0 

1-21 

1.0 

0.25 

1-22 

0.5 

0.5 

1-23 

0.5 

0.5 

2-13 

1.0 

2-lit 

1.0 

2-13’ 

0.5 

2-16R 

1.0 

0.25 

0.25 

2-17 

1.0 

0.07 

2-18 

0.25 

1.50 

2-19R 

1.5 

0.375 

0.375 

2-20 

0.5 

0.5 

2-21 

1.0 

0.5 

2-22 

0.5 

0.5 

'"5 


I*ye  Formulate  n 

Lum.i  crease  Ye J 1 ow  JLO 
Pyrazol  Fast  Blue  2GLN 
Pyrazol  Fast  Green  HI, 

Luird  crease  Yellow  jLO 
Pyrazol  Fast  orange  LUF 
Pyrazol  Fast  Red  7RT,W 

Pyrazol  Blue  ?OLN 
Pyrazol  Fast.  Violet  50L 

Pyrazol  Fast  Violet  5BL 
Pyrazo-  Fast  R»  i  7BSW 

Pyrazol  Fast  Ren  7BSW 
Pyrazol  rest  Blue  2BLN 

Pyrazol  Fast.  Red  /BGW 
Lumi creese  Yellow  JLG 

Pyrazol  Fast  Orange  LUF 

Cupraphenyl  Yellow  3GL 

Pyrazol  Fast  Blue  2GLN 

Pyrazol  Fast  Blue  2GLN 
Pyrazol  Fast  Orange  LUF 
Pyrazol  Fast  Red  7BGW 

Lumi creasi  Yellow  3LG 
Pyrazol  Fast  Blue  2GLN 

Pyrazol  Fast  orange  LUF 
Lumi crease  Yellow  JLG 

Lumi crease  Yellow  3 LG 
Pyrazol  Fast  orange  I,UF 
Pyrazol  Fast  Red  7 BOW 

Pyrazol  Fast  Violet  -.pi . 
Pyrazol  Fast  Blue  rgln 

Pyrazol  Far.'  V i . .  1  < - 1  tBl, 
lyrezol  Fas'  Re,1  ,’BGW 

Pyrazol  Feel  Vie  lei  5RI 
Pyrazol  Far*  In-  'R.W 


rer cent 


ftye  F'»rmuiat-i 


Pyrazoi 

Fast 

Greer i  BL 

Lumi erf 

ase  Yellow  jLG 

Pyrazol 

Fas  * 

Green  HI, 

Pyrazol 

Fact 

Violet.  GPL 

Pyrazol 

Fast. 

Violet,  SBL 

Pyrazol 

Fast 

Blue  2GL.N 

Pyrezol 

Fast. 

Red  7BSW 

Pyrezol 

Fast 

Blue  2GLN 

Pyrazol 

Fast 

Red  7BSW 

Pyrazol 

Fast. 

’Lolet  ‘..BL 

Pyrezol 

Fast. 

Red  7BSW 

Lumi crease  Yellow  3LG 

f'yrazol 

Fast 

Red  7BSW 

Pyrazol 

Fast. 

Green  BL 

Pyrazol 

Fast  (Jreen 

Pyrazol 

Fast, 

Blue  kv..,N 

Pyrazol 

Fast 

Red  7BSW 

Pyrazol 

Fast 

Vi  olet  sBT, 

Pyrazol 

Fast 

Green  BL 

P1  raz.ol 

Fast 

Vi  oletj{5$I< 

Pyrazol 

Fast 

Red  YfiSW 

Pyrazol 

Fast 

Oranpe  LUF 

ryrazol 

Fast 

Green  BL 

Pyrazol 

Fast 

F.ert  7RSW 

Pyrazol 

Fast 

Green  Bl. 

Pyrazol 

Fast 
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Pyrazoi  Fast  Red  7  BOW 
Lumicrease  Yellow  3LG 
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APPENDIX  C 


r 


REVIEW  OF  RESINS  FOR  IMBEDDING  YARNS 
FOR  CROSS  SECTIONS 

This  investigation  was  initiated  to  find  an  imbedding  media  which  would 
hold  yarns  and  fix  Dacron  yarns  under  strains  as  high  as  302  (approximately 
60  lbs.  tension).  When  cured,  the  resin  had  to  be  soft  enough  so  that  it 
could  be  sliced  using  a  hand  microtome.  For  simplicity  of  operation,  and  to 
keep  reacting  temperatures  as  low  as  possible,  a  cold  curing  type  resin  was 
the  only  one  consideied. 

The  first  resins  tried  were: 

Butyl  acrylate 
Isobutyl  acrylate 
Methyl  methacrylate 

The  resins  were  washed  with  52  NaOH  in  a  202  salt  solution  to  remove 
the  inhibitor.  The  washing  was  conducted  in  a  separator/  flask  with  20 
parts  by  weight  of  the  cleaning  solution  and  100  parts  by  weight  of  monomer. 
The  mixture  was  shaken  and  allowed  to  separate.  The  washing  solution  was 
then  drained.  A  small  amount  of  NaHC03  was  added  to  dry  the  monomer,  then 
it  was  filtered  through  coarse  filter  paper. 

The  following  preparations  were  made: 

20  gm  Isobutyl  methacrylate 
.1  gm  Benzol  peroxide 

20  g,  Butyl  acrylate 
.1  g.  Benzol  peroxide 

20  g.  Methyl  methacrylate 
.1  g.  Benzol  peroxide 

The  isobuty.t  methacrylate  required  heat  to  initiate  the  reaction,  and 
the  resin  formed  wa?  firm;  for  both  reasons  this  resin  wa/s  not  satisfactory. 

The  butyl  acrylate  required  heat  and  a  long  time  to  cure,  overnight; 
this  was  not  satisfactory. 

The  methyl  methacrylate  also  renuired  heat  to  cure  and  an  overnight 
reaction. 
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Paraplex  P-40.*  This  is  a  hard  resin  and  can  !■<  i  v  UJ -cured  by 
using  Che  following  formula: 

100  g.  Paraplex  P-40 

1  g.  DDM 

.6  g.  Cobalt  naphthanate 
This  resin  jells  in  15  minutes. 

Attempts  to  combine  resin  with  Paraplex  P-13**  to  obtain  a  cured 
product,  which  could  easily  cut,  did  not  succeed. 

Ep.?.xy . 

62.5  g.  Epoxy  reain 
25.0  g.  Amide  softener 

12.5  g.  Accelerator 
This  solution  jelled  in  12  huurs. 

It  was  somewhat  softer  than  methyl  methacrylate  but  still  not  soft 
enough  to  slice  easily. 

Silicone  resin  RTV-41 .  Silicon.  '  blur. 

100  g.  RTV-41*** 

.5  g.  Thermollte-12**** 

Resin  cures  in  two  hours,  yields  a  rubbery  compound. 

This  formulation  was  too  viscous  for  casting  yarns  but  suitable  for 
making  molds  to  hold  the  yarns  for  casting. 

*  Trademark  for  unsaturated  polyester. 

**  Trademark  plasticizer  for  coatings. 

***  Brand  name  for  silicone  rubber  compound. 

****  Trademark  for  series  of  vinyl  stabilizers. 


79 


Methyl  methacrylate.  This  is  a  cold  cure  resin  which  is  easy  to  use 
but  yields  a  product  too  hard  to  cut.  A  cold  curing  formula  whicli  will  set 
In  one  hour  is : 


20  g.  Clearmount***** 

.05  g.  Catalyst  benzol  peroxide 


Polyurethane  resin  PR-1535  Amber.******  This  was  the  most  successful 
resin  used.  The  resin  waB  mixed  as  follows: 

32  g.  Part  A  of  PR-1535 
100  g.  Part  B  of  PR-1535 

The  mixture  was  given  a  good  mixing,  using  a  shearing  paddle  and  1/4- 
inch  electric  drill.  The  mixed  resin  was  poured  in  the  mold,  and  the  material 
was  degassed  in  a  dessicator  under  vacuum  at  a  pressure  less  than  5  mm.  of 
mercury  for  five  minutes.  The  mold  was  then  removed  from  the  dessicator  and 
allowed  to  room  -ure.  It  required  two  days  to  harden  enough  to  fix  and  hold 
the  yarns  under  tension. 


*****  ^Tommerciai  product. 
******  Commercial  product. 
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13  ABSTRACT 
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33 ,  44,  56,  67,  and  89  percent  cotton  content. 
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levels  is  the  main  subject  of  this  study. 

This  report  cavers  the  experimental  studies  on  the  load  extension  characteristic;: 
of  72  model  yarns  at  elongations  of  5  percent  through  break  and  the  effect  of 
twist  (0.55  twist  multiple  (TM)  through  4.4  D4),  blend  ratio  and  position  of  the 
cotton  component  in  the  yarn  (cotton  core  or  cotton  shell)  on  the  strength  of  the 
blended  yarn  are  discussed. 

These  studies  extend  Machida's  theoretical  approach  to  the  problem  of  blended 
yarn  strength  to  include  <  rtton-Dacron  blended  yarns  in  blend  ratios  of  practical 
significance. 
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